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PREFACE 

Several  valuable  treatifles  are  already  publiiihed  dealing 
with  the  problenui  of  sufitentation,  stability,  and  aerodynamiai 
generally,  but  it  will  readily  be  admitted  that  if  the  safety  of 
heayier  than  air  era  ft  is  to  be  aaetired,  it  is  enwintiil  that  the 
structural  strength  of  the  aeroplane  should  receive  adequate 
attention. 

Much  of  the  existing  published  matter  dealing  with  the 
strength  of  const  nut  ion  of  aeroplanes  is  thought  to  be  inade- 
quate from  the  standpoint  of  the  designer  and  stress  draughts- 
man, and  it  is  the  Authors*  experience  that  draughtsmen 
generally  have  more  or  less  hazy  ideas  and  views  ragarding 
the  kMuUng  of  aeroplanes,  and  more  generaUy  the  methods  €i 
estimation  of  the  strength  of  aeroplanes  under  such  loading. 
It  is,  therefore,  with  the  idea  of  dispelling  this  gloom  that 
the  proposal  to  publish  the  following  matter  in  as  palatable  a 
form  as  possible,  originated.  To  the  purely  academical  and 
mathematically  inclined  reader,  much  of  the  matter  may  be 
lacking  in  direct  interest,  but  it  is  hoped  that  the  designer  or 
the  diaughtsman  who  is  responsible  for  the  strength  calcula- 
tions of  aeroplanes  from  a  practical  design  point  of  view  may 
derive  considerable  benefit.  Utility,  simplicity,  and  clearness 
throughout  have  been  consistently  aimed  at.  and  it  is  hoped 
that  this  end  also  has  been  attained. 

Much  matter  such  as  is  usually  found  in  iUv  -tmi  nl  !r\r 
books  on   Structures,   Graphics,   and   Strenirth    .f    Mi!<iiil >. 
has  been  puq>o8t»ly  omitted  from  this  volume,  it  1m  h.l  t!i  -imht 
that  useless  duplication  of  such  matter  would  be  iuv»  accvpuble 
from  the  reader*s  standpoint. 

No  one  book  in  any  science  can  ever  be  said  to  have  readied 
Hnality,  and  the  Authors  realize  that  in  such  a  soienoe  as 
Aeronautics,  which  is  even  yet  in  some  respects  only  in  its 
infancy,  many  advances  are  bound  to  be  efifocted  in  the  light 
of  further  experience. 

We  desire  to  put  on  record  our  thanks  to  the  following — 

Aircraft  Manufacturing  Co. 
Austin  Motor  Co. 
Bristol  Aeroplane  Co. 
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Director  of  Research    V«r  Mini'itt'v 

Handley-Page,  Ltd. 

McCJnicr  S|)ar  Co. 

Sn|K»rintcn(ient,  Royal  Aircraft  Establishment. 

Su|H'miarine  Aviation  Works,  Ltd. 

Vickers,  Ltd. 

All  of  whom  have  lx»en  unstinting  in  their  offers  of  valuable 
data,  photographs,  blocks,  and  descriptive  matter,  which  they 
have  generously  placed  at  our  disposal  for  the  purpose  of  this 
publication. 

We  also  wish  to  express  our  thanks  to  Prof.  Sir  Ernest 
Petavel,  K.B.E.,  D.Sc.,  F.R.S. ;  our  friends  H.  A.  Webb, 
M.A.,  A.F.R.Ae.S.,  and  J.  Kenworthy,  B.Sc.,  A.F.R.Ae.S., 
for  timely  suggestions,  which  have  been  distinctly  helpful. 

It  is  too  much  to  ho|>e  that  this  edition  will  be  entirely 
free  from  errors,  and  any  intimation  of  these,  together  A^ith 
further  suggestions,  will  be  much  appreciated. 

J.  D.  F. 
T.  H.  J. 

BnUHNOHAM, 

Sih  May,  1920. 
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CHAPTER  I 

INTRODUCTION 

Although  it  may  appear  to  Ik?  unnecessarv.  yet  it  is  thought 
advisable  to  begin  by  glancing  at  the  M*verul  compoBenta  of 
an  aeroplane,  casually  noting  their  functions,  and  describing 
yery  briefly  any  points  of  interest  regarding  them. 

This  is  followed  by  a  typical  example  of  an  aeroplane  of 
medium  size  in  which  all  the  strength  cakulattons  nnnnnnifj 
to  the  complete  design  of  the  aeroplane  are  clearly  shown, 
as  this  is  more  instructive  than  a  bare  statement  of  methods 
without  examples  shoiftdng  their  application. 

The  factors  of  safety  or  loads  used,  are  based  on  the  results 
of  model  experiments,  full  scale  work,  or  mathematical 
investigation  by  various  authorities. 

For  a  given  wing  area,  it  is  thought  that  a  conunercial 
aeroplane  should  be  just  as  strong  in  its  stnicture  aa  a  war 
machine.  The  latter  must  be  able  to  effect  a  safe  landing  when 
various  wires  or  members  have  been  damaged  through  enemy 
action  ;  while  in  the  case  of  the  former,  it  is  important  that 
the  life  of  the  machine  should  be  as  long  as  possible  on  grounds 
of  efficiency  and  economy. 

IIAIN  PLANES  OR  WINGS 

For  all  practical  purposes,  it  is  sufficient  to  say  that  the 
wings,  or  planes,  are  the  only  sup|x>rting  surfaces  diiliiihig 
notice,  and,  in  fact,  it  is  usual  to  negleit  other  poMible souroes 
of  lift  altogether.  The  wings  depend  for  their  lifting  power 
upon  the  peculiarity  of  their  chordal  section,  which  possesass 
the  unique  property,  when  set  at  a  few  degrees  of  incidsoee, 
of  giving  a  Urge  ratio  of  lift  to  drag. 
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2  AFT^OPT.  ANE  STRUCTURAL  DESIGN 

Di£Ferent  ueroluii  sr<t i«»?is  possess  this  property  in  varying 
degrees,  but  for  any  nnr  >t*ction,  the  maximum  value  of  lift 
to  drag  is  generally  obtained^  for  an  angle  of  incidence  some- 
where between  3  and  5  degrecH.  /  Ih  the  aerofoil  section 
known  as  R.A.F.  15,  it  has  been  found  by  experiment  that  the 
maximum  ratio  of  lift  to  drag  is  obtained  when*  the^  'V"gle  of 
incidence  is  in  the  vicinity  of  3  degrees,  when  the  ratio  has  a 
value  of  17-3. 

The  magnitude  of  the  lifting  force  depends,  among  otlur 
things,  upon  the  relative  speed  of  the  machine,  and  the  inci- 
dent air  meeting  the  planes.  It  follows  then  that  there  is  a 
definite  minimum  speed  of  the  machine  relative  to  the  air, 
which  must  l>e  attained  in  order  that  it  may  leave  the  ground. 

This  landing,  or  *'  stalling"  sp>eed  varies,  however,  with 
different  machines,  being  dependent  upon  the  lift  coefficient 
of  the  aerofoil  and  the  wing  area.  It  is  a  significant  fact  that 
the  greater  proportion  of  the  lifting  force  is  obtained  from 
the  upper  surface  of  the  aerofoil.  Here,  there  is  a  negative 
pressure  or  suction,  which  is  large  compared  with  the  positive 
pressure  at  the  under  surface  of  the  aerofoil.* 

The  construction  of  the  plane  takes  the  foi'm  of  two  main 
spruce  spars  connected  by  a  series  of  compression  ribs  and 
lighter  ribs  of  spruce,  having  the  shape  of  the  aerofoil  section. 
Round  cross  bracing  wires  are  inserted  between  the  front  and 
rear  spars  in  the  several  bays  formed  by  the  compression 
struts,  the  wires  being  attached  to  metal  fittings  bolted 
securely  to  the  spar.  The  spars  may  be  of  solid  spindled 
section,  or  of  built-up  hollow  section.  Occasionally,  spars, 
built  up  of  metal  strips  rolled  to  various  shapes  of  section,  are 
used,  and  in  a  few  cases  complete  metal  planes  have  been 
used  with  great  success. 

TYPES  OF  FUSELAGE 
The  Girder  Type 

So  called  iKcause  it  is  built  up  in  such  a  form  that  the  sides 
of  the  structure  icscinble  an  ordinary  lattice  or  braced 
girder. 

It  is  composed  oi  longerons,  cross  struts,  and  wire  bracing, 
the  number  of  longerons  being  dependent  upon  the  cross- 
sectional  shape  of  the  fuselage   (i.e.,  triangular  shape  has 

•  For  further  information  the  reader  is  referred  to  The  Properties  of 
Aerofoils  (Judge),  published  by  Messrs.  Pitman  A,  Sons. 
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three  longeruiiH,    i-    *    ^  four  loiii^fnMiH.   ami 

8o  on).     The  gtiui.u   -i.,.|..     i,.  .\.  .-i     .-  nitaiiguliir. 

The  eoniU'Ctit>n  betwcren  the  lonf^eniiiM  hiuI  vtom  Ktnitit  in 
aecompliMhecl  by  jointu  of  Htet*!  platt  h  and  boltM,  to  which  the 
bracing  wircH  are  attached. 

The  longitudinahi  and  croMH  ntnitK  are  umudJy  made 
of  Mpnice  or  anh,  and  the  bracing  of  round  swa^^  steel 
wirt*8.  Any  necessary  adjustment  may  be  made  by  meant 
of  turn-buckles  on  the  bracing  win>H,  for  it  is  found  that 
after  a  few  tlightn  this  type  of  fuselage  usually  requires 
**  tuning.'* 

It  is  essential  also  to  insert  diagonal  or  bulkhead  bracing 
to  withstand  any  twisting  tendency  on  the  structure. 

When  well  (ksigned  and  can*fully  constnicted,  it  forms  quite 
a  light,  strong,  and  elastic  l>o<ly  for  the  machine. 

This  girder  typo  of  fuselage  is  sometimes  made  throoghout 
of  metal  tubing  with  wire  bulkhead  bracing  at  intervals,  and 
possesses  the  advantage  over  the  one  just  described  in  as  much 
as  no  adjustment  is  ever  necessar}'  in  the  structure  when  it 
18  once  constructed. 

A  variation  of  this  form  may  be  made  by  using  pressed 
channel  or  angle  metal  instead  of  tubing.  These  form  quite 
strong  and  durable  frame  struct iut;s,  and  arc  not  much  beliind 
in  the  matter  of  weight. 

These  skeleton  frames  must  always  be  covered  in  some  way 
(usually  by  doped  linen  fabric),  in  order  to  minimize  the  head 
resistance  of  the  machine. 

Monocoque  Types 

Tills  usi'd  to  be  and  still  is,  with  many  people,  a  very 
favourite  method  of  construction  for  the  aeropUne  fuselage. 
It  is  usually  composed  of  several  light  bulkheads  made  of 
spruce,  which  are  connected  by  a  numl)er  of  more  or  less 
slender  wooclen  longerons,  the  whole  being  covered  in  by  thin 
ply-woo<i  which  plays  the  part  of  bracing  as  well  as  covering 
or  fairing.  In  some  cases,  light  metal  bulkheads  are  used, 
and  the  covering  made  of  thin  but  strong  metal  sheet,  stiffened 
by  longitudinal  ribs.  Whether  metal  or  timlxT  be  used*  no 
wire  bracing  is  usually  required,  since  the  covering  is  sup- 
posedly strong  enough  to  resist  any  tendency  to  deform. 
There  are,  however,  difliculties  to  be  overcome  in  these  types, 
since  it  is  not  always  easy  to  make  attachments  for  wing  spars. 
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engine  bearers,  tail  planes,  and  the  like  where  considerable 
local  strength  is  required. 

Whatever  type  of  fuselage  is  adopted,  the  outer  shape 
should  be  good  aerod3rnamically  so  that  its  head  resistance, 
which  is  often  as  much  as  one- half  the  total  resistance  of  the 
whole  aeroplane,  may  be  kept  within  reasonable  limits. 
Projecting  parts,  gaps  in  the  surface,  sudden  changes  in  out- 
line, should  all  be  avoided  as  much  as  possible,  in  order  that 
the  shape  may  approximate  to  a  streamline  form.  The 
tractor  type  of  fuselage,  by  its  tapering  away  in  the  rear, 
lends  itself  more  readily  to  a  good  aerodynamic  form  than 
that  of  the  pusher  type,  where  the  body  is  shorter  and  blunter  ; 
the  connection  between  wings  and  tail  unit  being  made  by 
means  of  outriggers,  wires,  and  struts. 

THE  PROPELLER 

The  propeller,  tractor,  or  airscrew  provides  the  necessary 
means  of  propulsion  by  discharging  the  air  backwards  through 
its  own  disc,  thus  producing  forward  motion  of  the  machine. 
The  cross  section  of  the  propeller  blade  is  usually  an 
approximate  aerofoil  section. 

Materials  used  in  the  construction  of  propellers  are  mahogany 
and  walnut  built  up  in  laminae,  well  glued  together,  and 
afterwards  carefully  shaped.  Two-bladed  and  four-bladed 
airscrews  are  in  general  use.  Three-bladed  ones  have  been 
tried,  but  have  not  been  very  successful. 

The  term  *'  pitch  **  in  connection  with  airscrews  is  capable 
of  being  defined  in  several  ways.  It  is  suggested  that  reference 
be  made  to  **Airscrew8j**  by  Riach,  where  these  definitions  are 
given.  Most  propellers  are  at  present  of  "  constant  pitch," 
but  a  few  of  **  variable  pitch  "  have  been  designed  and  used 
with  good  results.  Here,  the  blades  are  rotated  about  their 
own  axis,  so  that  the  angle  of  attack  of  the  blades  may  be 
altered  in  flight  to  increase  the  airscrew  efficiency  with  altitude. 

Metal  propellers  have  been  attempted,  but  difficulties 
of  manufacture  have  prevented  developments  in  that 
direction. 

LANDING  GEAR 

Before  "  lifting,"  the  machine  will  "  taxi  "  along  the  ground 
on  its  landing  gear  or  chassis,  which  consists  generally  of  two 
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or  more  tyre-covered  wbeoln  on  aa  axle  ooimeoiiMi  to  the 
fiuiebgo,  or  in  aonie  oaaei  to  the  lower  planet,  bv  rhiitie  or 
Bleel  spring  ahook  abaorbera.  Theae  abook  abaomra,  wfaiob 
▼ary  in  oonatraotion  ttid  daaign,  moat  be  atrong  eaoagb  to 
enable  tho  maobine  to  land  without  any  danger  to  tbe 
fuaelagv  duo  to  the  shook  of  impact. 

On  one  or  two  typea,  an  oil  daahpot  arrangomont  is  used  to 
damp  out  vibration  and  absorb  abook  in  landing. 


CONTROL  SURFACES 

In  order  to  secure  safety  in  tliglit,  several  stalMliring  or 
control  surfaces  must  be  pruviiled.  Tlieae  consist  of  aaleraia, 
fins,  taiiplane,  elevators,  and  rudder,  of  which  the  fins  and  t4ul- 
plane  are  generally  fixed  surfaces,  whereas  tbe  ailerons,  eleva- 
tors, and  rudder  are  movable  surfaioee  controlled  in  flight  by  tbe 
pilot.  V^ery  often,  however,  tho  tailplane  h  made  "  adjustable" 
so  far  as  angle  of  incidence  is  concerned,  and  sometimes  tbe 
fins  are  capable  of  slight  lateral  adjustinent,  but  this  latter 
cannot  be  made  during  flight. 

The  position,  shape,  and  setting  of  any  surface  depends 
upon  the  type  of  machine  and  for  what  purpose  it  is 
designed. 

For  instance,  the  tailplane  section  is  generally  a  so-called 
non-lifting  surface  (i.e.,  it  is  simply  a  symmetrical  aeclioii) ; 
but  in  fiying-boat  work,  where  the  engine  is  set  very  high 
relative  to  the  CO.  of  the  whole  machine,  a  strong  nose-diving 
moment  is  introduced,  and  in  order  to  counteract  it,  tbe 
tailpUne  section  may  be  an  inverted  aerofoil  section,  so  that 
while  the  engine  is  running  there  is  always  a  down  load  on 
the  tailplane. 

Lateral  controllability  of  an  aeroplane  depends  mainly  upon 
the  size  and  shape  of  the  ailerons,  although  other  faotora 
enter  into  the  question  to  a  lesser  extent,  namely,  ahape  of 
main  planes  and  moment  of  inertia  of  the  machine. 

The  construction  of  the  tailpbine  and  elevators  ia  of  tbe 
same  kind  as  in  the  wing  and  aikrona  respeothrdy,  and  doea 
not  call  for  aii;  r  comment. 

Intheconsti  »f  the  rudder  and  fins,  metal  tubing  and 

spruce  ribs  are  frequently  used,  and  a  covering  of  doped  linen 
fabric  applied. 
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REAR  SKIDS 

These  vary  very  much  in  type  oiid  conHtruction,  and  also 
in  the  materials  iistui.  Very  frequently,  all-metal  skids  are 
uscil,  having  steel  springs  to  absorb  the  shock,  whilst  other 
types  are  constructed  entirely  of  ash,  with  rubber  cord 
absorbers. 

Both  t3rpes  may  or  may  not  be  controllable  from  the  cockpit ; 
and,  when  stet^rable,  the  control  wirt»s  are  usually  attached 
to  those  of  the  rudder,  so  that  ^I'mmH  n)«'»i!<  movement  is 
effected. 

LOAD  FACTORS 

Load  factors  must  be  such  that  they  will  control  design  to 
such  an  extent  that  the  aeroplane  may  withstand  the  most 
severe  loads  which  can  possibly  occur  in  flight  without  the 
slightest  sign  of  failure.  For  this  purpose,  the  criterion  of 
strength  must  be  the  stress  which  produces  the  first  sign  of 
compressive  failiu'c,  rather  than  the  breaking  stress.  This 
corresponds  with  the  elastic  limit.  In  the  following  calcula- 
tions, the  load  factors  are  founded  partly  upon  experimental 
investigation  and  partly  upon  rea,sonable  a8sumi)tion. 

The  empirical  curve  in  Fig.  2  gives  factors  which  cover  all 
ordinary  loads  incurred  in  flying,  diving,  etc.,  and  it  is  only 
in  cases  of  very  quick  manoeuvre,  heavy  stunting,  as  in 
military  work,  that  the  loads  will,  if  ever,  exceed  those  given 
by  the  curve. 

In  any  case,  so  much  depends  upon  the  size  and  type  of  tlx 
machine,  and  the  way  in  which  the  pilot  operates  the  controls, 
as  to  how  much  extra  load  is  imposed  upon  the  aeroplane  in 
flight,  that  no  present-day  designer  would  think  of  designing 
a  machine  to  withstand  ten  or  twelve  times  load  in  order  to 
attempt  to  make  it  fool-proof.  It  may  be  that  some  official 
publication  will  shortly  be  made  as  to  the  factors  recom- 
mended to  apply  to  the  design  of  diflferent  sizes  and  types  of 
machine.*  The  methods  of  design  given  in  the  following  jvork, 
however,  are  capable  of  application  under  any  system  of 
factors  which  may  be  adopted,  and  they  have  Ix^n  in  use  for 
several  years  with  satisfactory  results. 

*  This  information  is  now  available  in  tho  form  of  a  ro|>ort  of  the  Advisory 
Committoe  for  Aerooautics,  issued  by  the  Air  Ministry,  a  reprint  of  which 
appears  in  the  appendix  to  those  payees. 
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The  general  coiidiiiuuH  ut  juuuiiig  nmik  n  ougiti  i< 
the  de^gn  of  a  machine  are — 

(1)  Nomml  horiKonUl  flight  uith  the  cititri  •  at 
•5  of  the  chord,  which  ia  the  oommon  CGiiclitii*' 

(2)  Flattening  out  from  a  vertioal  note  divr  <iut 
of  a  loop,  in  which  ca«e  the  centre  of  pn--  far 
foni'ftrd  aM  -3  of  the  chord.     In  thin  can*-  m»  im:  ' 
u|H>n  the  rate  at  which  the  flAtt<*ning  out  t^iken  pLi 

numlHT  of  tinicH  nomml  load  which  will  Im*  impoaed  u] 
machine.     The  Hpcc»tl  in  a   vertical  dive  may  Unnn 
high  until  it  reachcK  a  limit  depc>nding  u|)on  the  i' 
the  machine.     If  now  the  machine  Ixs  Huddenly   r>i<.ii;:iit  tu 
the   Ktalling   angle    (i.e.,   the    angle   where   maximum   Uft  ia 
ohtaincil),    the    lift    will    he    proportional    to    the    square 
of    the    velo(*ity    attained    in   the   dive  ;    and   the   numher 
of  timcH  normal   load  will  therefore  be  proportional  to  the 
ratio  of  the  two  velocities  (i.e.,  the  ratio  of  velocity  attaine<l 
in  the   dive),   to  the  stalling  speed,  if  the  change  from  the 
one    to   the    other  is  brought  about   very  quickly   by   tlie 
pilot. 

Thu^,  till-  if  I  \ull  bef-rr-j  x^tuir  »  ^  i«  the  velocity 

attained  in  divii.^.  .li.il  V,  is  the  stalling  speed.  This  sudden 
flattening  out  is  very  difficult  to  effect  except  in  a  very  small 
machine,  and  the  careful  pilot  will  avoid  it  even  then. 
(iinerally,  the  mnximum  speed  y\  is  arbitrarily  fixed,  and 
the  corresponding  factor  found  as  described  above,  the  machine 
then  being  designed  to  stand  up  to  that  factor  of  loading. 
For  example,  the  maxinmm  sj)eed  of  the  aemplane  consitlen'tl 
herewith  is  fixed  at  115  miles  per  hour,  the  stalUng  s|K>e<l  being 

51  miles  per  hour.     Hence  the  factor  required  i^iTT")   —  ^ 

nearly,  which  corresponds  to  the  empirical  curve,  Fig.  2. 

(3)  Down  load  due  to  downward  gusts,  or  the  poasibiiity 
of  reversed  loading  in  a  Icx^p.  This  case  covers  the  case  of 
very  steep  now-diving,  where  the  <<  ^  pressure  is  probably 
well  iH'liind  the  rear  spar,  thus  ]>  :r  down  load  ontiie 
front  truss  and  up  load  on  the  n*ar. 

If  any  down  loa<l  occurs  on  the  rear  u  u--  n  m  comparalhrvly 
small,  and  it  is  usual  to  work  out  the  front  tniss  under  a  loading 
of  three  times  normal  load  with  the  centre  of  pressure  at  *3 
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of  tho  ohord,  aiid  only  to  roughly  estiinate  the  loads  on  tho 
rear  truss  or  neglect  them  altogether. 

Turning  in  a  horizontal  circle  may  induce  excessive  loads 
depending  upon  tho  strength  of  the  pilot  in  making  the 
machine  l)ank  steeply.  Generally  speaking,  this  case  is  covered 
by  (2),  and  is  hardly  worth  further  consideration  from  our 
standpoint. 

Flying  in  a  spiral,  and  spinning,  zooming,  etc.  These  cases 
do  not  demand  special  consideration  regarding  the  manner 
in  which  they  impose  loads  on  the  structure,  since  it  is  only 
in  very  exceptional  cases  that  the  magnitudes  of  such  loads 
are  in  excess  of  those  already  covered  by  (1),  (2),  and  (3). 

Reference  to  the  Advisory  Committee's  Reports  is  suggested 
where  these  "  stunting  "  cases  are  dealt  with  from  an  experi- 
mental standpouit,  and  it  is  for  the  intelligent  designer  or 
draughtsman  to  sift  all  the  valuable  information  contained 
in  these  publications  and  extract  the  portions  inmiediately 
useful  to  him. 

Application  should  be  made  to — 

H.M.  Stationery  Office, 

KlNQSWAY, 

LONDON. 


CHAPTER  n 

WINGS 

It  is  absolutely  emiwitUl  that  the  wings  be  m  light  m 
is  possible,  consistent  with  strength,  and  probably  it  is 
with  this  end  in  view  that  oomdderable  pains  are  taken 
in  tlio  estimation  of  the  strenes  and  loads  In  the  wing 
structure. 

Before  we  can  make  any  estimation  of  stietsea,  we  most 
know  in  what  way  the  load  is  impo«(e<l  on  the  structure,  and 
the  degree  of  accuracy  to  which  theae  stroMea  can  be  estimated 
depends  largely  on  an  accurate  knowledge  of  the  conditiopa 
of  loading,  and  the  probable  maximum  intensity  of  kMiding 
on  the  wings.  Our  knowledge  of  the  conditions  of  loading 
is  dependent  to  a  large  extent  on  experiments  with  small- 
acale  models  of  aerof(^  sections,  as  well  as  full-scale  flying 
experiments.  PVom  the  results  of  these  experimontM  it  in 
found- 

(1)  That  It  IS  possible  for  the  centre  of  pressure  to  vary 
between  about  -3  and  '5  of  the  chord. 

(2)  That  the  intensity  of  loading  on  the  wing  tip  is  generally 
less  than  at  other  parts  of  the  wing  siuiaee. 

(3)  That  it  is  possible  under  some  conditions  of  flight  to  have 
an  intensity  up  to  seven  times  load,  or  even  laiger.  This, 
however,  varies  with  the  size  and  type  of  the  machine ;  for 
instance,  it  is  well  ki^own  that  fast  small  machines  require 
a  fairly  large  factor  because  of  the  demands  made  upon  them 
in  quick  manoeuvreability,  which  produces  large  acoekrations 
and,  consequently,  heavier  loading.  On  the  other  hand,  a 
larger  slower  machine  is  not  capable  of  being  so  quicklv 
manoeuvred,  and  therefore  requires  a  smaller  factor. 

Making  use  of  this  knowledge,  the  remainder  depends  upon 
the  accuracy  of  the  methods  employed  in  tlie  calculatioiiB. 
The  importance  of  accuracy  in  the  estimation  of  atressea  in 
the  wing  structure  of  an  aeroplane  cannot  be  overlooked,  and 
it  demands  considerable  attention  on  that  account. 

The  ordinary  methods  give  results  for  the  spars  which  are 
fairly  good,  excepting  when  heavy  oompreasiTe  end  loada  aro 

'  9 
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taken  by  tlie  spars,  when  thoy  are  more  or  less  unsafe  to  use 
generally. 

Again,  the  exact  mathematical  solution  is  not  easy  to 
apply  to  the  case  of  design,  but  is  more  useful  for  merely 
checking  design  already  complete<l. 

Ex{>enence  in  the  strength  calculations  of  many  aeroplanes 
hai*  led  us  to  the  conclusion  that  the  l>est  way  of  esti mating 
the  size  of  aeroplane  spar  sections  for  a  machine  of  definite 
weight  and  for  a  given  factor  of  safety  is — 

(1)  Find  as  accurately  as  possible  the  loading  on  the  planes 
and  deduce  an  approximate  B.M.  diagram.  Make  an  intelU- 
pent  guess  at  the  spar  section,  whose  approximato  moment  of 
inertia  will  accommodate  the  maximum  Ix'nding-moment 
obtained  from  the  B.M.  curve  already  roughed  out,  taking 
account  of  end  load  but  neglecting  E.L.B.M.  (End  Load 
liending-Momenta). 

(2)  Apply  a  more  accurate  method  by  means  of  which  a 
l)ending-moment  diagram  is  evolved  which  includes  end  load 
bending-moment.  Find  more  accurately  the  moment  of 
inertia  of  the  section  which  it  is  thought  from  the  approximate 
consideration  will  suit  the  case,  and  obtain  the  factors  ;  taking 
into  accomit  direct  end  load,  also  paying  attention  as  to 
where  the  spar  is  solid,  and  where  spindled  out  to  form  the 
ordinary  I  section  which  used  to  be  a  common  section  of 
aeroplane  spars. 

It  may  be  mentioned  here  that  the  modem  tendency  is  to 
use  box  spars,  having  side  webs  about  J  in.  thick  glued  to 
flanges  of,  say,  f  in.  thick,  the  finished  spar  being  carefully 
wrapped  \iith  glued  fabric. 

The  idea  of  using  these  spars  originated  from  the  shortage 
of  larger  pieces  of  spruce  required  by  the  old  type  of  spar,  but 
box  spars  possess  a  few  advantages  which  make  them  popular 
with  present-day  designers. 

Generally,  Ijefore  any  strength  calculations  are  made,  the 
overall  sizes  of  the  aeroplane  have  already  been  fixed  up 
from  aerodynamical  and  other  considerations,  that  is  to  say, 
the  span,  chord,  and  gap  of  the  wings,  a,s  well  as  the  approxi- 
mate shape  of  the  plan  form  of  the  wing,  and  the  spacing  of 
spars  and  struts,  are  known. 

As  an  example  of  the  application  of  the  various  methods 
of  estimating  the  stresses  in  an  aeroplane  it  is  proposed  to 
consider  the  case  of  a  medium-sized  machine  which  will  need 


WINGS 


II 


the  applloation  of  all  the  nu*tho(lji  of  oalcuUtion  detoribed 
and  tuggMted  lator.  The  airangemunt  dimwtngi  of  thia 
machine  are  shown  in  inaot  At  imoro  8.  from  which  all  the  eaHential 
dinuniMionfl  can  Im?  HcaltHl. 

It  in  hoped  that  l>y  thi.'^  iiMan>  iii<  i 

\Hi  moat  readily  fuUowiHl  in  th4*ir  u}m  i 

aeroplanes  of  larger  or  amali* 
the  prindplea  of  the  metlu:         ... 


*  iti  no  (liiTcrunct*  in 
d,   and   tliere   will, 


; I 


J    o 


Fig.  1. — Gbkbral  Load  Curve 


therefore,  be  no  difficulty  in  applying  them  to  all 
types  of  aeroplanes. 

The  machine  to  be  ufted  &»  an  example  i»  a  cargo-carr^nng 
aeroplane,  with  the  pilot  seated  immediately  l)ehind  tlie 
<(?<.'•>.  It  makes  no  real  difTerence  of  course  in  the  strength 
«  1 1«  Illations  whether  the  macliinc  is-  of  a  military  type  or 
commercial  type. 

Taking  the  wing  area  of  the  tt4-i«»|M;iiH-  mnitT  consideration, 
it  is  foimd  from  Fig.  2  that  the  factor  rcMjuired  is  alK)Ut  iiw 
times  load.  This  curve  need  not  be*  accepted  as  applicable 
to  every  cla^s  of  aeroplane,  but  it  is  quite  reliable  for  moderately 
fast  machines,  having  no  special  features,  otherwise  the  t>'pe 
must  be  considere<l  indeix»ndently  of  the  wing  surface.  The 
following     particulars    should    always    be    tabulated     when 
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WINGS  IS 

commenoing  the  oakuUtioiiii,  lo  that  rtidnofio  can  alwayt 
be  made  to  them  throughout  the  work — 

Total  wtigbl  of  mThiiKt  when  fully  loaded,  hidtidinf  OMfo. 

pQol,  paUol,  olo.  

ToUl  walgbl  of  wiafi,  Imthidliig  UruU  and  wiros. 


Normal  load  of 


Area  of  lop  plana  (wHh  S  aOarooa,  aaeh  ISiq.  fi.)  .     HMt^.!! 

Afea  of  bottom  piano  (with  S  ailarona,  each  15  aq.  ft.)    .         .     16IH>a^ fl 

Total  wing  mrfaoe  .     SSl.Saq.fl. 


STAGGER  OF,  AND  LOADING  ON*  PLANES 

The  iimjority  of  nunleni  aeroplanes  have  powtively  -t.i;:u'«  n<l 
wings,  that  iH,  tho  top  ])lanos  an>  forward  of  the  hot  toll  1  pl.uK  -  ; 
many  others  arc  entirely  witlw.nf  sf  AcriMT  !  ulil  t  i  f.  ^  ,r.- 
given  a  negative  stagger. 

It  has  been  found  from  t«  >i-  « <>udiicied  ai  me  >i.i'.L.  mat 
if  the  wings  are  entirely  withmit  stagger  then  the  relative 
efficiency  of  the  bottom  planes  to  the  top  planes  Is  about 
Si)%,  and  that  if  the  wings  are  given  positive  stagger,  this 
relative  efficiency  is  increased  to  about  85%. 

The  stagger  of  the  wings  of  t^  'ine  under  consideration 

is  {Kisitive  ;    hence  the  equivai  iioplane  8ur&M)e  for  the 

whole  machine  is — 

172-5  +  160  X  -85  =  308-5  sq.  ft. 
The  mean  gross  load  on  the  top  piano  is,  therefore,  equal  to-^ 
Total  weight  of  machine       2330       _  .„ ,,  . 

EquiviUSttotal'surfii^='  305:5  ==  ^'^^^'  P^'  ^   '^- 
and  the  mean  gross  load  on  the  bottom  plane  is — 
-85  X  7-66  =  6-42  lb.  per  sq.  ft. 
The  weight  of  the  wings  per  square  foot — 

330 

•09  lbs.  per  sq.  ft. 


332-5 
hence  the  mean  net  load  on  the  top  wing  is- 

^'56  -  -99  =  6-57  lbs.  per  sq.  ft. 

and  the  mean  net  load  on  the  bottom  plane 

6-42  -  -99  =  5-43  lbs.  per  sq.  ft. 

The  net  load  per  square  foot  is  the  one  to  Im-  iiM-^i  in  theae 

calculations,  since  it  must  be  clear  that  only  the  nonnal  load 
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of  the  machine  i«  able  to  impose  stresses  in  the  wing  structure 
itwif  {i.e.,  the  lift  required  to  support  the  wing  structure 
does  n«»*  inuwmc  stresses  th^Toin  t<»  niiv  oxtmt). 


POSITION  OF  CENTRE  OF  PRESSURE 

Fig.  3  shows  the  two  extrciiK'   positions  of  the  centre  of 
preBRUre  relative  to  the  wing  spars,  for  \vhi<!i  tlw  U\^.  .inlinary 


Kio.  li. — C'BNTitE  OP  Prkssi;re  Diaqram.  Extreme  PosmoNS 

cases  of  flying  are  now  considered.  It  is  well  worth  setting 
out  a  full  size  drawing  of  the  aerofoil  section  to  be  used,  and 
inserting  thereon  the  positions  of  the  front  and  rear  spar 
centre  lines.  This  will  enable  the  particular  depth  of  spar 
sections  to  be  measured  direct  from  this  full  size  drawing. 
These  depths  will  be  required  when  the  moment  of  incifin 
area,  and  modulus  of  the  section  come  to  be  calculated 

The  case  when  the  centre  of  pressure  is  forward  is  the  one  in 
which  the  front  truss  is  most  heavily  stressed  ;  on  the  other 
hand,  with  the  C.P.  back,  the  rear  truss  is  most  heavily  stressed. 
In  both  of  these  cases  the  top  and  bottom  drag  bracing  must 
be  considered.  There  are  one  or  two  other  special  ca«es  of 
flying  for  which  the  wings  must  be  considered,  but  these  will 
be  fully  discussed  later. 


Centre  of  Pressure  Forward.    Case  1 

When  the  centre  of  pres,sure  is  forward,  then  tlu*  aeroplane 
is  flying  with  a  large  angle  of  incidence,  in  the  neighbourhood 
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of  10  degnMW,  and  moMt  of  the  load  im  taken  on  the*  front  n\uir^ 
iind  HtrtiU,  and  in  onlrr  to  find  what  \mt\u>r  i 

in  taken  on  tlir  front  tnisK.  th'*  I<»a<!  rnrvr-^  f. 
!h'  i*xaniin(*<l. 

Since  tho  et'ntn?  of  prrt^nut.  i-^ .  .i|..ii.M  ni  n.i^mj^  j»«i 
•3  and  */(  of  the  wing  chonl,  it  in  first  |}ro|NM4e<l  to 
st'|mnit4»ly  the  two  com^h  of  11; 

Caw  1.— Centre  of  pre«Mun*  i  i  (i.e..  at  ^  of  uint/  ihonl 

nieiU4un*d  from  the  leading  edge) 

Caw  2. — Centre  of  prcHSure  hack  ^l.f.,  ai     »  ot  un  i 

nuNi.Mure<l  from  the  leading  cnlge). 

Load  Curve 

Many  cx{HTinicntH  have  Urn  carrit>il  out  to  determine  the 
way  in  which  the  air  prensure  in  diMtrihuted  along  the  length 
of  the  wing  ;  notahly  these  ex|MTinu*nts  were  carrie<l  out  hy 
the  National  Physical  I^Uiratory  and  the  R.A.E.,  when*  a 
series  of  cur\'eH  showing  how  the  load  curve  varies  for  differ(*nt 
fthape8  of  wing  tip  were  evolved. 

From  the  results  of  these  experimentfl  a  mean  curve  was 
adopted  by  the  R.A.E.,  and  regularly  used  hy  them. 

Fig.  1  is  a  slight  modification  of  the  H.A.G.  curve,  it  is 
actually  a  mean  between  R.A.E.  and  N.P.L.,  and  is  suggested 
HA  being  quite  a  suitable  load  curve  which  w  ill  give  span  of 
the  requisite  strength.  It  has  Ixvn  found  that  the  bert  baib 
on  which  to  set  out  the  load  cur\'e  is  that  of  chords,  so  iluil 
the  curve  will  bo  applicable  to  every  size  of  chord  on  every 
machine  ;  thus  the  load  curve  shown  is  arranged  so  that 
2-5  in.  horizontally  >  one  chord,  which  enables  tin* 

linear  scale  to  1m>  •  for  any  particular  chonl  length. 

In  the  example  the  chord  length  is  6'75  ft.,  hence  the  scaJe 
nf  the  loa<i  diagram  is — 

2"»  in    nnresi'nts  1  flutrd        .l-T."  ft. 

;.    I  <•  i:  -'-J  It. 

The  way  in  which  the  inteii-  ills  away  toward 

the  tip  of  the  wing  is  well  rv\n .  .  .  i  .„.  I,  and  it  is  not 

difficult  to  nuxlify  the  curve  to  suit  any  s|)ecial  case  when?  the 
chord  is  variable.  Such  a  case  in  which  this  nuwIifioAlaaii  ia 
necessary  is  that  in  which  a  portion  of  the  tniiling  edge  k  out 
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away  at  the  centre  section  for  the  convenience  of  the  pilot. 
Tlir  |>articular  shape  of  diagram  shoeing  the  variation  of 
K  .i«l  intensity  along  the  chord  is  not  of  importance,  provided 
the  |K>sitions  of  the  centre  of  pressure  are  known,  consequently 
it  is  not  discussed  here.  The  shape  of  such  a  curve  is, 
approximately,  a  rounded  triangle. 


LOAD  DIAGRAM  FOR  TOP  WING 

The  length  of  diagram  corresponding  to  the  distance  from 
the  extreme  wing  tip  to  the  centre  line  of  the  machine  can 


Top  Plane. 


Bottom  Plank 


EBXCCJBBlSt. 


Fig.  4. — Diagram  Showing  Assumed  Movement  of  Centre 
OF  Pressure  from  '3  to  '5  of  thb  Chord 

now  be  set  out,  indicating  also  the  positions  of  the  interplane 
struts ;  the  extreme  tip  of  the  wing  coinciding  with  the  end 
of  the  diagram.     (See  Fig.  5.) 

Dealing  with  the  top  wing  first :  the  load  curve  diagram 
must  now  be  modified  to  suit  the  shape  of  wing  at  the  centre 
section  (i.e.,  the  ordinates  of  th^  curve  are  reduced  in  the 
proportion  of  the  chord  over  that  portion  of  wing). 

In  Fig.  4  is  shown  a  plan  of  the  wings  and  the  position  of 
the  centre  of  pressure  at  all  points  of  each  wing,  which  will 
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be  useful  in  settinc  out  tho  niodifiod  load  curve  for  tlu'  front 
spar. 

This  havin)i  lu'cn  (ioiir,  thr  ana  ot  x\iv  load  curve  ent'lose(i 
by  this  modified  outHne  representH  to  some  scale,  not  yet 
kiio\iii,  tho  total  load  on  one-half  of  the  whole  winj<,  tiie  other 
half  being  exactly  similar  because  of  symmetry.  The  proportion 
of  load  taken  by  the  front  spar  must  now  be  shown  on  this 
load  curve,  and  if  the  wing  were  of  rectangular  j)lan  form 
throughout,  then  the  load  on  the  top  front  spar  would  be  a 
definite  proportion  of  the  total  load  on  the  wing  t.e. — 

1-775 

-2:^  =   71     (^ee  Fig.  3.) 

It  should  be  noticed  that  for  the  centre  portion  the  centre 
of  pressure  is  still  assumed  to  be  at  -3  of  the  chord,  although 
the  chord  is  reduced  there,  thus,  for  that  portion  of  the  wing, 
the  proportion  of  load  on  the  front  spar  is  greater  than  in  the 
case  at  the  outer  portion,  because  the  centre  of  pressure  is 
nearer  to  the  leading  edge.  The  wing  tip  claims  some  atten- 
tion inasmuch  as  it  extends  about  -6  ft.  beyond  the  end  of 
the  front  spar,  consequently,  any  load  occurring  on  that 
extended  portion  may  be  assumed  to  be  taken  by  the  rear 
spar,  and  the  load  diagram  for  the  front  spar  must  therefore 
terminate  at  a  point  -6  ft.  from  the  end  of  the  complete 
diagram.     (Fig.  5.) 

This  diagram  has  now  been  divided  into  two  j)ortions,  tho 
upper  portion  representing  the  load  on  the  rear  spar  whilst 
tho  lower  portion  represents  the  load  on  the  front  spar,  for 
which  the  scales  arc  now  to  be  investigated. 

LOAD  SCALES,  Top  Front  Spar 
From  previous  work  the  mean  net  load  per  square  foot  on 
the  top  plane  is   6-57  lbs.   per  sq.  ft.,  and  tho  area  of  one 

half  the  top  plane  is  —^ —  =  86-26  sq.  ft. 

Hence  the  load  on  one  half  plane — 

=   86-25    X    6-57   =   5()G  lbs. 
The  factor  decided  upon  1"'«"</  -'  *iitw<  I^^mI    ilw  l..;«f1  on 
one  half  the  top  plane — 

=   566    X    5  =-   2830  lbs. 
Now  the  area  of  the  load  diagram.  Fig.  5,  representing  tho 
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load  on  both  front  and  roar  span,  ia  29*23  iq.  int., 

2830 

I  »q.  in.  of  the  loa*!  diagram  is  55^55  =  ©7  IIjh. 

Tho  aroa  of  the  lou<l  diagram  roproHonttng  tlio  load  on 

top  front  H|)ar  ^  20-88  Kq.  inK..  then  the  load  takon  by  tho 

front  Hpar  in  equal  to  20-88  X  97  »  2026  Iba. 

Tho  moan  height  of  thiit  diagram  ia — 

Area  of  diagram         20*88  _  -  ,  -  . 

Length  of  diagram         6»6    ~ 

The  mean  load  {ht  foot  run  on  the  front  M|)ar  = 

Total  loa<l  on  Himr  in  lb«.       2025       .... 
1      ^u    *  '    t    A     —  .,  ,,  =  133-5  Iba.  per  foot  run. 

Length  of  H|)iir  m  feet         15*15  '^ 

If  fluroforo  followH  that  the  load  scale  ia  1  in. 

Mean  load  per  foot  133-5       ^^  .  ,, 

.,        1    .  .  ^   /  «•  ^   ^  ,,■  =  42-1  Ibti.  i»^ii  ii.  run. 

Moan  height  of  diagram        3-17  ' 

Tho  areaif  of  tho  front  npar  load  diagram,  between  the 
outer  and  inner  strut,  between  the  inner  strut  and  the  Ixxly 
Htnit,  and  in  tho  centre  bay,  are  now  estimated  either  by 
counting  tho  nquaron  or  by  meann  of  a  planimeter,  such  araaa 
being  in.sortod  on  tho  load  curve  in  the  respective  baya  to 
which  tlioy  apply,  together  with  the  loads  corresponding  to 
them,  the  scale  being  1  sq.  in.  —  97  lbs. 

If  the  load  in  any  bay  be  divided  by  the  spacing  of  the 

struts  in  that  bay  the  mean  load  per  foot  in  that  |>articular 

Imy  is  obtained.     For  example  :   referring  to  Fig.  5.  first  Imy, 

between  the  outer  and  inner  struU  the  aroa  is  7*9  sq.  in.,  and 

the  load  is  7-9  x  97  ^  766  lbs.,  hence  the  load  per  foot  is 

766 

jrr  =  139-2  lbs.  per  foot. 

0-6 

It  is  usual  also  to  include  a  quantity  ropresenting  the  free 

II  *    -            u    K          •         "^        1392  X  5*51 
bendmg-moment   m   each    bay — i.e.,    -g-  —  ^ « 

527  lbs.  ft.,  due  to  air  forces  which  aro  assumed  to  be  uniform 
in  any  one  bay. 

OVERHANG  BENDING-MOMENT 

iKMiUng  with  tiio  overhang  poiiioii  at  the  outor  end  of  the 
spar,  the  iMMidiiig-moiiuMit  is  ohtaim-^l  by  a  double  integration 
of  the  load  i-urve  (i.e..  JJ w djc       J/). 

This  is  iiuK-h   iiion*  i-asily  dour  by  integrating  graphically 
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in  two  stagOB  i.e.,  from  tho  load  intonHity  curve  a  diagram 
of  shear  is  evolved,  and  integrating  tho  shear  diagram  in 
turn  a  diagram  of  bonding-moments  is  producod.  Any 
Htiitable  soatos  may  bo  chosen  for  drawing  these  diagrams, 
but  the  soaks  should  be  made  clear.  Tho  notation  to 
lie  adopted  for  bending-momonts  is  that  hogging  bonding- 
momonti)  which  occur  in  normal  fliglit  due  to  upward 
air  load,  are  positive ;  sagging  bonding-moments  being 
negative. 


BENDIN6-M0MENT  SCALE 

In  thi'  case  of  the  front  spar  1  sq.  in.  of  load  inicnsiiy 
diagram  -  ^  I  in.  on  shear  diagram  (ordinate)  and  1  sq.  in.  of 
shear  diagram  =  1  ui.  on  bonding-moment  diagram  (ordinate) ; 
hence  the  scales  are — 

1  sq.  in.  load  diagram  =  linear  scale  X  load  scale. 

=  2-3  ft.  X  421. 

=  1  in.  ordinate  on  shear  diagram. 
1  sq.  in.  shear  diagram  =  linear  scale  X  shear  scale. 

=  2-3  ft.  X  (2-3  X  421) 

=  421  X  2-3«  =  222-5  lbs.  ft. 

=   1  in.  ordinate  on  bending- 
moment  diagram. 

Thus,  the  maximum  value  of  the  overhang  bonding-moment 
on  the  top  front  spar  is  found  to  be  2-4  x  222-5  =  534  lbs.  feet, 
as  will  be  observed  from  Fig.  5,  and  the  sign  of  this  B.M.  is 
negative. 

The  ui>per  portion  of  tliis  load  diagram  on  Fig.  5  has  been 
worked  out  in  a  similar  manner  and  represents  the  case  for  tho 
top  rear  spar  with  C.P.  at  -3  of  the  chord  ;  this,  however,  is 
not  the  loading  which  decides  the  size  of  the  rear  spar,  but  the 
reason  why  the  rear  spar  has  been  worked  out  for  this  case  is 
that  it  will  bo  usofid  later  in  estimating  the  drag  forces  which 
depend  upon  the  lift  loads. 

It  will  be  observed  that  although  the  intensity  of  load  may 
vary  sUghtly  across  any  one  bay,  yet  it  is  assumed  to  be 
uniform  in  that  bay,  a  glance  at  the  diagram  will  ^hi.w  Omt, 
this  assumption  is  warranted. 

The  positions  of  the  interplane  struts  are  mai ;  i  1,  l%  6y 
corresponding  to  tho  outer,  inner,  and  body  sIj  ni-    and  these 


are  aHHiimc<l  to  Im*  coUiiuai   |h  'ntinuoiui  ipAr, 

lx*illg  {MiilltM  whtTl'  tin*  H]mr  IM  a> nn.  -i  .1. 


FREE  REACTIONS 

The  frco  rcactiunH  at  the  jnunU  of  HupfMirt  can  be  found 
direct  from  the  load  diii^rnm,  hut  thc*M*  reartionii  will  be 
modified  because  of  the  fixing  momeiiti«  (i.e.,  U^iiding- momenta 
at  the  t^);    they  will,  however,  lx»  require<l,  and  are 

found  li  1      The  free  reaction  at  the  outer  Htnit  (|K)int  1) 

iH  that  due  to  the  load  on  the  overhang  added  to  half  the  load 
on  the  spar  in  the  bay  between  pointa  1  and  2,  viz. — 

766 
347  -f  -J-  =  730  Iba.     {See  Pig.  5.) 

Similarly,  the  free  reaction  at  the  inner  ntnit  (|Miint  2)  in 
due  t<i  half  the  load  in  each  of  the  bayn  adjacent  to  it  :   viz. — 

766      630 
r  '-  '  r  ■=  698  lbs.,  and  so  on  for  point  3. 


LOAD  DIAGRAM  FOR  BOTTOM  FRONT  SPAR 

Before  going  further,  it  is  necessary  to  draw  the  1<  >a<i  (iia;;r.ifn 
for  the  bottom  front  spar.  It  will  be  noticed  that  in  the 
bottom  wing  there  is  no  loaded  centre  portion,  as  was  the 
case  on  the  top  wing  ;  furtliermore,  it  iH  hinged  to  the  fuselage 
at  the  two  points  of  attachment.  The  diagram  for  the  l>ottom 
wing  is  set  out  in  Fig.  6  in  exactly  the  same  way  as  for  the  top 
front  spar,  with  somewhat  similar  divisions  for  the  bays  between 
the  points  of  sup|K>rt.  From  previous  work  the  mean  net 
load  per  square  foot  on  the  bottom  wing  is  't-Ali  Ihs.  per  square 
foot.  Hence  the  load  on  half  the  bottom  wing  at  five  tames 
loading  is  =  factor  x  net  load  per  square  foot  X  area  of 
=  one  plane 

=  6X  643  X^=  2.172  lbs. 

The  total  area  of  this  load  curve  =--  20-81  aq.  ins.,  therefore 

2172 
1  sq.  in.  represents  ^^-—j  =  81  lbs.,  and  the  area  of  the  lower 

portion  of  the  loa<l  curve  representing  the  load  on  bottom 
front  spar  =  18*94  sq.  ins.,   hence  the  load  on  this  spar  is 
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1894  X  81  =  ir>3r>  Ihs     Tho  mma  height  of  8|)arlo«ddiAgram 

18*94 
»  -^4)2  ""^  ^*1^  ^o  <^i^  ^^  mean  load  per  foot  on  epar  ■■ 

Load  <m  mNur        15S5       ..^».. 

heooe  the  load  scale  is — 

1  in    =s     'to«<i  P«  iocft  nm 
~*  mean  height  of  diagram 

/.  I  III.  repreMnta -TTj-r-  =  3fi -2  lbs.  per  ft.  run  ; 

whilnt  tho  linear  soale  is — 

lin.  =  2-3  ft. ; 
conseqaently  tho  l)cmUng-momcnt  8calo  for  tho  overhang 

1  in.  ==  2-3  X  2-3  X  35-2  =  186-8  lbs.  ft. 
The  bi>iuIing-nioment  (maximum)  at  the  outer  strut,  due  to 
Iimd  oil  overhang 

=   186-3  X  2-4  =  447  lbs.  ft., 
tho  (tign  being  negative  as  for  the  top  front  spar. 

OFFSET  BENDING-MOMENTS 

It  is  one  of  the  ideals  of  every  designer  to  design  spars 
without  ofT8et8  at  the  supports,  for  these,  when  present,  intro- 
duce bending-moments  on  the  spars  of  magnitudes  too  large 
to  bo  neglected.  In  practice,  however,  it  is  often  difficult  to 
avoid  an  offset  wire  or  strut,  and  so  the  spar  must  be  made 
strong  enough  to  withst^uwl  tlH>  <Yfr>i  lu.twHng-moment  due 
to  the  offset. 

The  offset  at  each  outer  tup  juiat  wire  attachment  both 
front  and  rear  is,  in  these  calculations,  -25  in.,  and  the  wire 
offset  at  each  inner  top  joint  is  1  in.  (see  Fig.  7) ;  consequently, 
whatever  load  is  taken  by  a  lift  wire  it  will  produce  a  Ix'iiding- 
nioment  on  tho  top  spars  in  the  bay  affected.  It  is  now 
necessary  to  estimate  these  bending-moments  in  order  to 
solve  the  three  moment  equations,  and  for  this  purposo  a 
diagram  (Fig.  8)  is  drawn,  not  necessarily  to  scale,  showing  .*ie 
front  tniss  of  the  wings  and  containing  a  few  princifial 
dimensions,  stagger  and  dihedral  of  the  wings  being  neglected 
for  the  present. 


£)$nt£nS*Ofi  A  rom  fof  Fmo^r  amo  RtA0  JotMn 


FlO.   7. — 8TRITT   AND   LiPT   WlRE   ATTACHMENTS 


P.O.  8. — Prkuminart  Fhek  Reactions  for  Front  Truss 

'\    vr  -3  OP  the  Chord,  5  Times  Load 


WINGS  t& 

The  reactioun  iihown  in  the  diagram  (Fig.  8)  tan  £rw  leaotkuM 
obtainod  dirc»ct  from  the  load  ciirvc*M  for  top  aad  bottom  wtngi^ 
front  8pan,  and  the  ininiediatt*  object  in  to  eatimale  the  loadii 
in  the  Hft  wiren,  and  ho  approximate  to  the  offiiet  ben<: 
III,  T.-  .*  prtxlueed.    Tlie  met ho<l  of  obtaining  loada  in  spar- 
l>i  oxpUined  on  p.  3/.    The  offriet  bending-momeota* 

tiip  outer  joint 

•25 

=-  2060  X  -Tg  =  43  lbs.  ft.,  say,  40  llje.  ft. 

and  the  offnet  lx*nding-moment  at  the  top  inner  joint 

=  3800  X  ^  =32  lbs.  ft.,  say,  30  lbs.  ft. 

The  offsets  are  such  that  the  oflEwt  bending-moinait  is 
|)n>itivo  in  the  outer  and  inner  ba3rs  respeethrdiy. 

FRKT.TMTNARY  REACTIONS,  Top  Vntd  ^at 

It  18  now  posjiible  to  ilc  tiTiniiie  the  moditied  reactions  at  the 
Kupi>ort«  by  solving  the  three  moment  ciiuatioiui,  but  these 
will  be  approximate,  inaamuch  as  end  load  in  the  spar  is 
neglected  at  prenent,  but  will  lx»  taken  into  account  later. 

From  the  load  diagram  top  front  spar  the  overhang  bending- 
moment  is  seen  to  be  -  534  ll>s.  ft.,  consequently,  at  the  inner 
side  of  the  outer  support  the  bending-moment  is 

-  534  -f   40    =  -  494  11)8.  ft., 
talking  account  of  the  offset  bending-moment  there. 

The  theorem  of  throe  moments  for  the  spar 


orif,/,4- 2(/,+ /.)if,+ if./.  = -5f^ -?4f^ 

=  -2 fill /, -2m./, 

Whore  A  =  Area  of  applied  B.M.  diagram. 

X  =  distance  of  C.G.  of  B.M.  diagram  from  point 

of  support. 

m  =  free  maximum  B.M.  due  to  wind  load  in  bay 

conoenietl. 

/      -   length  of  bay. 

0  Az 
It  should   be   noted   that  -  .—  becomes   2  mi  in  the  case 

of  a   paral)olic    bending-moment    due  to  uniform    air  load. 
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and  also  that  for  a  triangular  ofibct  bending-moment  it 
beoomee  2  iii  or  ni  as  the  case  may  be,  where  n  =  maxitnum 
bending-moment  due  to  offset  load. 

Let  the  fixing  moments  on  the  outer  side  (i.e.,  the  left-hand 
side  in  the  diagram)  of  the  points  of  support  1,  2,  and  3  to  bo 
Ml,  Mt,  and  M,  respectively. 

Hence,  setting  down  the  equations  for  the  spar,  including 
offset  bending-moments — 

-  494  X  6-6  -f  2(6-6  -f  4-26)if ,+  4-25  if,=  -  2  X  5-5  X 
527  -  2  X  4-26  X  336  -  2  X  30  X  4-26 
from  which 

19-6i/,  4-4-25if,  =  -6185  .  .  .         (1) 

4-25  M^-}-  2(4-25  -f  4)if,-f  4if,  =  -  2  X  4-25  X  335 
-  2  X  4  X  282  -  30  X  4-25 
from  which 

4-26  if ,  4- 20-5  if ,  =  - 5233  ...         (2) 

and,  solving  (1)  and  (2) — 

Aft^-  274  lbs.  ft.  and  if ,  =  -  198  lbs.  ft. 
The  modified  reactions  will  approximate  to  the  final  reactions 
and  are —  ^ 


Bi  =  347  +  383  -fK     k.k   /         —  ^72  lbs. 

198 
R^  =  383  +  315  -  42  -f  ""^^^      =  660  lbs. 

R^  =  315  -f  282  -  4  =  593  lbs. 

2025  lbs. 

We  must  now  carefully  estimate  the  bending-moments  at 
the  various  points  of  support,  and  thence  the  corresponding 
modified  reactions  for  the  bottom  front  spar  exactly  as  was 
done  for  the  front  top  spar. 

Bottom  Front  Spar 

It  is  a«sinned  that  there  are  no  offset  wire  attachments  on 
the  bottom  spars,  and  that  all  the  wires  pass  through  the 
points  of  support,  consequently  there  are  no  offset  bending- 
moments  at  those  points.  It  will  \ye  noticed  that  the  bottom 
wing  is  hinged  at  its  points  of  attachment  to  the  fuselage, 
hence  M^  on  the  bottom  spars  =  0,  and  it  remains  to  find  M^ 
by  solving  the  equation. 


WINGS  n 

The  beiicling-nionient  at  the  overhaiig  on  the  bottom  fniiit 
Hpar-»-447lbi.ft. 

.    -  447  X  5-5  -f  2(5-5  a.  4  nr.^  V,  4-  o  ^  -2  x  441  y  r.  S 
'1  X  376  X  4-95 
frum  which 

20'0 if g  =  - 4850 -  3720        'p   •  •  m  • 

litnce  if ,==  -  202  lbs.  ft. 

Tho  iiKKlifiod  reicticmi  are,  therefore — 

447  —202 
/?,  =  289  -f  320  -f       5:5—  =  687  lb«. 

292 
R^  =  320 -f  303-28 -fj^=  054 Ibe. 

iS,  »  303  -  50  »  244  ibe. 

1535  Ibe. 

Theoe  modified  reactions  will  be  found  to  differ  somewhat 
from  the  former  free  rc^tions,  duo  to  the  bending-momente 
at  tho  supports,  although  the  total  remains  the  same,  of  course. 

Since  the  loads  in  the  drag  bracing  impose  end  loads  in  the 
si>ars  which  add  to  the  end  loads  due  to  lift,  and  since  the  drag 
is  some  proportion  of  the  lift  reaction  at  each  joint,  then  it  Lb 
essential  that  the  reactions  on  the  spars,  both  front  and  rear, 
most  be  obtained.  This  means  that  the  modified  reactions 
on  the  rear  spars,  top  and  bottom,  must  be  calculated  in 
exactly  the  same  way  as  has  been  done  for  the  top  and  bottom 
front  spars. 

Top  Rear  Siiar  :  Centre  of  Pressure  Forward 

From  the  upj)er  |)ortion  of  the  load  curve  in  Fig.  5  tho 

nooeesary  particulnrn  n^ating  to  the  rear  top  spar  are  readily 

obtainable.    The  offsets  of  the  lift  wires  are  -25  in.  and    1  in. 

for  the  outer  and  iiuier  lift  uires  respectively,  and  the  load  in 

rear  outer  lift  wire  for  this  case  «  032  ibe. ;  therefore,  offwi 

•25 
B.M.  at  point  1  =  932  X  ^  =  20  lbs.  ft. 

The  load  in  rear  inner  lift  wire  =  1060  lbs.,  therefore, 
offset  B 31.  at  point  2  =z  1650  X  jj  =  14,  say,  15  lbs.  ft. 
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The  overhang  beniling-moment  from  Fig.  5  —  -  327  lbs.  ft. 

and  tlie  equations  are  (including  offset  B.M.'h) — 

-  307  X  5-5  -f  2(5-5  -f-  4-25)3/,  4-  4-25  M^  =  -2  X  6-5 

X214-2  X  4-25  X  130-2  X  15  X  4-25 

for  outer  and  inner  bays,  frpm  which 

19-6if,  4-4-25  if,  =  -1952  .         (1) 

and 

4-25  M^  -h  2(4-26  -f  4)if ,  +  4if,=  -  1 155  -  2  X  4  X  63 

-  15  X  4-25 

from  which 

4-25  if,  +  20-6  if,  =  -  1723 

hence  if ,  =  -  86  lbs.  ft.  and  if ,  =  -  60  lbs.  ft. 

The  modified  reactions,  which  will  approximate  to  the  final 

reactions  are — 

307  —  70 

R^  =   174  -h  156  H =  373  lbs. 

o-o 

/J,  =   156  -f  128  -  43  +  7^^  =  242  lbs. 

4-z5 

/?,  =   128  -f  63  -  1  =   190  lbs. 

805  lbs. 


Bottom  Rear  Spar  :  Centre  of  Pressure  Forward 

Similarly,  from  Fig.  0  particulars  are  obtainable  from  whicli 

the  equations  can  be  framed  to  find  M».  M..  \}v'u\ii  zero  oii 

account  of  the  hinge  at  3. 
The  maximum  value  of  the  overliang   l>eii(liiig-iiionu'iit  is 

-  274  lbs.  ft.,  and  offsets  are  zero  ;    therefore, 

-  274  X  5-5  4-  2(5-5  +  4-95)if ,  4-  0  =  -  2  X  6-5  X  180 

-  2  X  4-95  X  142-5 

20-9  M^  =  -  1980  -  1412  4-  1505  =  -  1887  ; 
hence,  M^  =  -  90  lbs.  ft.,  and  the  modified  reactions,  which 
will  approximate  to  the  final  reactions,  are — 
..-    .    ...        274-90        


«I 

Iff 

-r  *•>* 

^       6.6 

tjyju  luo. 

«« 

= 

131 

1-  115- 

-''+.^ 

= 

231  lbs. 

«. 

= 

115 

-  IS 

^= 

97  lbs. 
637  lbs 

WINUS 
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PRELIMINARY  BENDING-: 


DIAGRAM 

Having  now  «l«  t«iiiiiii»<l  tin-  Im  fidni;/  incriM  iit-    it  th.    -i  -.>  r  A 
\Hiil\XH  of  MU|i|H>it  aluii;;   the  .')|iiii.>«,  aiiil  alrcaiiy   kuuwui^   llu 
ofTMi't  btiuliiig-momeiitu  at  theiM*  fMiinU,  and  the   liending- 
tnoment^  in  tli*  to  uniform  air  fure4*M,  it  in  quite 

{MNMiblo  to  (Irai  rmrv  J^mHinp-mormTit  flinpmm  for 

the  conipleU>  top 
curve  may  Ih»  copi«  .,   ;......  v..i    ..^.. 

ThiM  diagram,  w)  sn,  will  enable  i 

g<MMl  cKtimati'  of  the  .si^-  of  Hpar  soction  likely  to  be  ^uiUibks 


5-^         ^      V^v^   5_v^ 

^^-   t      ilZJl   \17l 

L     X  41       ^       13 

1                  >         /                       Y 

L        Xt                     - 

y- 

I — —  1 — — i — — :  — — ;  1 — ' — h — • — I } — -' — A — ' — i 

I)e(^au8c  it  enables  ua  to  nee  at  a  glance  what  ia  the  maximum 
bending-moment  along  the  spar. 

For  this  case  of  centre  of  pressure  forward,  only  two  pro- 
liininary  U>n(ling-moment  diagrams  need  be  drai»-n  (i.e.,  one 
fur  the  top  front  dpar  and  the  second  for  the  bottom  front 
rt|>ar)  because  this  is  not  the  case  which  determines  the  mm 
of  the  rear  spars.  The  case  in  which  the  maximum  load  b 
taken  by  the  top  and  bottom  rear  8|)ar8  in  that  when  the 
(X'nlro  of  pressure  is  at  '^  of  the  chonl,  and  that  is  the  case 
whieh  dett^miines  the  sizes  of  tliose  spars. 

Dealing  first  with  the  top  front  spar,  the  |K)ints  of  support 
are  wt  out  to  scale,  and  the  Umding-moment^i  at  those  |M>tnUi 
nuirked  off  to  some  scale. 

In  the  example,  the  maximum  overhang  bending-moment 
from  Fig.  5  is  :  -  534  lbs.  ft.  ;  this  is  marked  off  at  point  1 
on  Fig.  9.     The  effect  of  the  offset  >)ending-moment  is  such  aa 
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to  help  the  hogging  bending-momcnt  >vithin  tho  bay  1  to  2, 
and  therefore,  according  to  our  convention  of  Higns,  will  have 
the  effect  of  decreasing  the  bencling-moment  iinmcdiatcly  on 
the  inside  of  the  outer  support.  The  bending-moment  just 
inside  the  outer  support  is,  then — 

-  634  -f  40  =  -  494  lbs.  ft. 

At  the  inner  support  point  2,  the  bending-momcnt  has 
been  found  to  be  -  274  lbs.  ft.,  and  since  the  offset  Ix^nding- 
moment  is  again  helping  the  hogging  effect  of  the  air  lift 
forces,  the  bending-moment  just  to  the  inside  of  this  support 
will  be  reduced  by  30  lbs.  ft.  ;  i.e. — 

-  274  -I-  30  =  -  244  lbs.  ft. 

Regarding  the  support  point  3,  there  is  no  offset  Ixjnding- 
moment,  and  the  fixing  moment  there  has  already  been  found 
to  be  -  198  lbs.  ft.  These  B.M.'s  must  now  be  set  out  in  Fig.  9 
and  the  curves  inserted.  In  the  case  of  the  overhang,  this 
curve  may  be  assumed  parabolic  and  need  not  be  copied  directly 
from  the  load  curve  Fig.  5  ;  also  regarding  the  B.M.  curves  in 
the  other  bays,  these  may  be  plotted  as  parabolic  in  thi> 
preliminary  diagram,  which  is  only  constructed  in  order  to 
make  a  reasonable  estimate  as  to  the  spar  section. 

In  each  bay  the  parabola  must  be  plotted  on  the  line  as 
base  which  joins  the  two  points  representmg  the  magnitudes 
of  bending-moments  at  the  supports  of  that  bay.  (See  Fig.  9.) 
Of  the  several  methods  of  drawing  a  small  portion  of  a  parabola 
quickly  and  accurately,  the  following  is  probably  the  most 
convenient. 

Divide  up  the  vertical  depth  into  four  equal  parts,  and 
draw  lines  through  these  divisions  to  cut  the  side  boundaries 
each  into  four  points,  now  divide  the  base  line  into  eight 
equal  parts  and  drop  a  perpendicular  through  each  point 
Join  the  apex  to  the  several  divisions  on  the  side  boundaries 
to  cut  the  verticals  in  various  points.  It  will  be  quickly 
observed  from  Fig.  9  how  this  has  been  done,  and  which  are 
the  points  forming  the  ciu^e  when  connected  by  an  even  line. 

The  preliminary  B.M.  diagram  is  now  completed,  and  it  is 
an  easy  matter  to  see  exactly  which  point  gives  maximum 
bending-moment. 

Actually,  the  spar  will  \ye  solid  at  the  points  of  support, 
but  we  may  neglect  that  at  present  and  will  take  account  of 
it  later. 


WINGS 


SI 


The  point  wo  have  found  giving  nmidinum  bencL  nioincoi 
may  not  be  the  point  where  mayimnm  stroes  is  indueod  in 
the  Kpur,  booaose  very  often  direct  end  load  compitiiTu  stroM 

(         »       )  P^ys  A  very  important  part  in  this  respect. 

It  iH  not  intend(^d  to  attempt  to  obtain  any  idea  of  the  end 
load  U'nding-moments  atpresent,  for  these  will  beaatomati- 
cully  included  in  tne  more  accurate  method  to  be  applied  later. 

It  would  bo  a  vory  tcdioufl  business  to  do  so,  for  it  would 
nuan  two  graphical  integrations  of  the  B.M.  diagram  in  order 
to  tind  a  deflection  diagram,  and  there  is  all  the  diflBculty  of 
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Fig.  10. — pRKLnaNAitT  B.M.  Diagram.     Bottom  Fbojit  Spar 

making  the  deflection  curve  pass  through  the  several  points  of 
support,'  which  points  must  be  in  alignment.  Having  done  this, 
the  end  loiul  B.M.  would  l>e  found  by  taking  the  product  of  the 
riid  load  aTid  the  deflection  in  each  bay. 

We  shall  need  to  obtain  the  end  loads  in  the  spars  in  any 
case,  and  to  do  this  a  diagram  of  struts  and  wires  must  be 
made  out. 

I-\>ll(>wing  similar  lines  for  the  bottom  front  spar  as  for  the 
top  front  H|mr,  a  preliminary  l)cndnig-monient  diagram  may 
be  const ructe<i  by  obtaining  the  rtHpiired  particuUrs  from  the 
load  diatrram  (Fiff.  6).  the  bendine-moments  at  the  supports 
h\  '    -o  moment  equations 

wii.'  -l>ar. 
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It  is  noteworthy  that  this  is  an  example  of  a  spar  in  which 
no  offset  beiuiing-nioments  occur,  and  it  nhould  be  considered 
OS  exceptional  in  that  respect,  as  in  jvctual  practice  it  is  diilicult 
to  avoid  them. 

Fig.  10  shows  the  diagram  completed,  and  it  should  be 
noted  that  no  centre  portion  exists  on  the  bottom  plane  in 
this  example  since  the  spars  merely  attach  to  the  fusc^hige 
by  means  of  hinges,  hence  the  bending-niAnent  at  tlie  point 
of  attachment  to  the  fuselage  is  zero  and  the  diagram  is  more 
simple  in  that  respect. 

DIAGRAM  OF  STRUTS  AND  WIRES 

These  modified  reactions  may  now  be  set  out  on  a  diagram 
(not  necessarily  to  scale),  of  the  front  and  rear  trusses,  the  rear 
truss  being  shown  at  the  bottom  of  the  diagram,  the  })lans  of 
top  and  bottom  drag  bracing  also  being  shown.    (Fig.  11.) 

Before  this  diagram  can  be  completed  the  drag  forces  must 
be  determined,  and  drag  is  usually  iaken  as  one-seventli  the 
lift  at  any  point. 

Account  must  also  be  taken  of  the  direction  of  lift  wires, 
and  the  stagger  of  the  wing  struts,  both  of  which  generally 
modify  the  drag  forces  on  the  wings. 

The  attitude  of  the  aeroplane  in  this  case  of  C.P.  forward 
is  assumed  to  be  such  that  the  angle  of  incidence  of  the  wings 
is  16  degrees,  and  it  is  advisable  that  a  side  view  of  the  whig 
chord,  struts,  and  wires  should  be  drawn  to  suit  this  condition, 
as  is  shown  in  Fig.  12,  the  direction  of  lift  being  taken 
perpendicular  to  the  line  of  flight. 

DRAG  FORCES 

Commencing  with  the  bottom  end  of  the  front  outer  strut, 
the  reaction  is  637  lbs.,  and  so,  in  order  to  estimate  the  drag 
there,  a  vertical  line  is  drawn  to  scale  to  represent  this  reaction, 
and  a  line  perpendicular  to  it  of  one-seventh  the  length,  to 
represent  the  drag.  (See  Fig.  13.)  The  r(»sultant  lift  is  then 
the  sum  of  these  two  component  forces,  and  the  resultant  is 
taken  partly  up  the  strut  and  partly  along  the  wing  from  front 
to  rear.  The  lift  reaction  at  top  of  front  outer  strut  =  772  lbs., 
and  the  resultant  lift  is  found  in  exactly  the  same  way  as 
iK'fore.     The  forces  at  this  ]u*\ni  'in-  ri<iilf;inf  lifi    llmisf,  up 


*io.  11. — FoiM'K  PiAtiuAM  v%m  FiioNT  Turw,    r.P. 

AT    'A  UK  Till:  ('inii:i».      .'i  TlMl>   I>»AH 
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the  outer  strut  due  to  lift  from  bottom  wing,  drag  fo.*ce  along 
wing  from  front  to  rear,  and  tension  in  outer  lift  wire.  Those 
foroeB  are  represented  in  the  vector  diagram  shown  (Fig.  13), 
and  the  drag  force  from  front  to  rear  obtained. 

A  similar  procedure  at  tlio  front  bottom  inner  joint  enables 
the  drag  force  to  be  determined  there.  A  little  care  must  be 
exercised  at  the  top  inner  strut  joint,  where  the  main  lift  wire 
is  not  in  the  same  plane  as  the  strut  but  is  forward  of  it,  and 
since  the  load  in  this  wire  is  very  large,  it  has  the  effect  of 
producing  a  fon^ard  drag  force  there.  The  forces  at  the 
joint  are  :  resultant  lift,  thrust  up  the  strut,  load  in  main  lift 
wire,  and  drag  force.  The  thrust  up  the  strut  is  obtained  from 
the  vector  force  diagram  of  the  lower  inner  joint.  It  is  not 
immediately  necessary  to  estimate  the  drag  forces  at  the 
body,  struts,  since  these  do  not  affect  the  bracing  in  the  wings. 
The  drag  forces  for  the  rear  truss  C.P.  forward  must,  however, 
be  calculated  in  order  to  complete  Fig.  11. 

ALTERNATIVE  METHOD  OF  ESTIMATING 
DRAG  FORCES 

An  alternative  method  of  finding  drags,  and  one  which  is 
more  convenient  than  the  one  already  described,  is  the 
following — 

Only  one  diagram  need  be  dra\^Ti,  for  it  will  be  seen  that 
this  is  sufficient  for  all  the  joints.  In  setting  out  the  diagram, 
draw  a  horizontal  line  representing  the  line  of  flight,  and  a 
line  perpendicular  to  it  representing  the  lift  7  units  long,  drag 
being  1  unit  long  horizontally,  as  shown  in  Fig.  14,  which 
enables  the  direction  of  resultant  lift  to  be  drawn  on  the 
diagram.  From  a  point  on  the  horizontal  flight  path,  set  out 
the  directions  of  front  and  rear,  outer  and  main  lift  wires, 
struts,  and  incidence  wires,  and  through  the  same  point  draw 
the  chord  of  the  bottom  wing,  making  an  angle  of  16  degrees 
(angle  of  incidence)  above  the  horizontal. 

Let  the  resultant  lift  OA  be  marked  unity,  and  draw  the 
chord  of  the  top  \^ing  at  the  same  angle  of  incidence,  which  will 
cut  the  lines  drawn  parallel  to  lift  wires,  struts,  etc.,  in  various 
proportions,  shown  as  OB,  OC^  ODy  OE.  The  drag  forces  on 
the  wings  may  now  be  calculated  by  consideration  of  the 
separate  joints,  commencing  with  the  bottom  front  outer 
joints  where  the  lift  is  637  lbs.     As  previously  stated,  the 
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forces  at  that  joint  are  :  resultant  lift,  thrust  up  the  strut, 
and  drag  force  on  the  wings,  so  that  OAB  is  the  triangle  of 
forces  for  the  joint. 


MymUlL   VMMCCMCHD. 


>«c4>r. 


Llf^C  <^  FLKiHT 


Pig.  14. — DiiAO  CoEFFi(!iENTs  Diagram  C.P.  at  -3  op 
TJIK  riiimn.     Avcr.K  «>k  Tn<  idknce  10  T)i-«;iti-iv«^ 


TIm    1m  kI  taken  by  the  strut  ii>  thus — 

=  637  X  ^  =637  X  }^  =  702  lbs. 

and  the  drag  force  on  wings,  which  is  taken  by  the  drag 

bracing,  is 

AB 
=  037  X  TT^i  =  637  X  -335  =  213  lbs. 
OA 

from  front  to  rear. 

The  next  joint  in  order  is  the  top  front  outer  joint  (lift  772),. 
where  the  forces  are  :  load  up  strut,  resultant  lift,  drag  force 
on  wing,  and  the  tension  in  outer  lift  wire.  The  force  diagram 
is,  therefore,  OAB  as  before,  since  the  outer  lift  wire  is  in  tlie 
same  plane  as  the  strut,  which  means  that  no  drag  force  is 
imposed  '»p  Hi"  wing  by  the  transference  of  load  from  strut 
to  wire. 


\viN(;s  rr 


llejice,  tho  drag  loftd  on  wing 

^,«      i4B      ,,^ 
^  772  X  ^  =  772  X 

in  a  direction  from  front  to  rear. 


AD 

772  X  ^  =  772  X  -335  =  259  Ibn. 


Bottom  Front  Inner  Strut  Joint 

Here  again  the  triangle  of  forces  is  the  same,  and  drag 
force  on  the  wing 

-  -335  X  Uft  =  -335  X  654  =  217  Iba. 
from  front  to  rear. 

(*onMidering  the  top  front  inner  joint,  where  the  lift=600  lbs., 
the  forces  are  :  resultant  lift,  load  up  the  stmt,  drag  force  on 
the  wing,  and  tension  in  lift  wire,  which  is  not  in  the  same 
plane  as  the  struts  ;  hoiirc  tlio  force  dia^n^m  at  the  joint  is 
no  longer  a  triangle. 

It  is  convenient,  howrvn,  t<>  ronsnii-r  thv  local  lift  at  the 
joint  separately  from  the  lift  transferred  from  the  other 
|H)int«  already  considered.  This  latter  is  taken  up  the  strut,  in 
which  case  there  are  two  triangles  of  forces  ;  namely,  OAD 
and  OBIJ  respectively 

The  total  drag  force  on  liii-  wing  will  therefore  be  negative  and 

AD  BD 

=  g^  X  660  -f  ^  X  (637  +  772  -f  654) 

=  660  X  -29  -f  2063  X  (335  -f  29)  =  1285  lbs.  from  rear  to 
front,  as  shown  in  Fig.  1 1 . 

In  a  similar  manner,  the  drag  forces  for  tho  rear  truM  C.P. 
forward  are  determine<l  by  using  the  reactions  found  for  the 
rear  joints,  shown  in  Fig.  11,  the  directions  being  seen  by 
insp(*(>tion. 

LOADS  IN  SPARS  AND  BRACING 

All  the  drag  forces  thus  calculatiHi  are  now  inserted  at 
their  respective  joints  in  Fig.  1 1 ,  and  the  loads  in  the  span 
and  bracing  ol»taincMl  either  jjraphioally  or  by  calculation,  but 
it  is  generally  done  mori*  quickly  and  probably  more  accurately 
by  calculation.  For  this  puriK>se  all  the  lengths  of  the  wires 
and  the  distances  between  points  of  support  along  the  spara 
are  refpiired,  and  the  loads  are  then  obtained  by  the  pro|K>rtion 
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of  the  lengths  of  the  triangles  formed  ;    for  example,  in  the 

front  tniHs  the  load  in  the  outer  lift  wire  (neglecting  stagger)  is 

7-24 

(637  -I    772)  -T-r-  =  2170  lbs., 

4*7 

and  the  cciniprossive  Ioa<l  in  the  top  spar  outer  bay  due  to 

Uft  load  only,  is  the  horizontal  component  of  this  load  ;  i.e., 

2170  X  ^  =  1650  lbs. 

this  latter  can  also  be  obtained  direct ;    i.e, — 

(637  -f  772)^=  1650  lbs. 

In  a  similar  manner  the  loads  Jn  the  remainder  of  the 
truss,  due  to  the  lift  loads  only,  can  readily  be  calculaUHJ,  and 
these  also  are  marked  on  the  diagram.  (Fig.  11.)  End  loads 
in  the  spars  are  also  caused  by  the  drag  forces.  These  end 
loads  due  to  drag  are  easily  calculated  for  the  bottom  wing, 
where  all  the  drag  forces  are  backward,  but  in  the  top  wing 
there  is  a  reversal  of  direction  at  the  inner  strut.  A  little 
care  must  be  exercised  there,  but  in  any  case,  however,  the 
work  can  be  checked  graphically.  The  end  loads  due  to  drag 
in  the  front  spars  must  now  be  transferred  to  the  front  truss 
diagram,  and  added  to  the  end  loads  due  to  lift.  It  will  be 
noticed,  however,  that  in  some  bays  the  end  load  due  to 
drag  differs  in  one  portion  of  the  bay  from  another,  but  the 
mean  of  the  two  loads  is  considered  to  be  quite  reUable. 

Thus  in  the  top  front  bay  the  end  load  due  to  drag  is  O 
and  -  422  lbs.  in  the  two  halves  of  the  bay,  having  a  mean 
of  -  210  lbs.,  which  is  to  be  added  algebraically  to  the 
lono  end  load  due  to  lift.  In  the  inner  bay  the  net  end  load 
is  that  due  to  the  main  Uft  wire  component  (2870  lbs.),  plus 
the  already  existing  end  load  (1650  lbs.)  due  to  the  outer 
lift  wire,  and  to  these  is  still  to  be  added  the  mean  end  load  of 
880  lbs.  due  to  drag  forces  on  the  top  wing,  making  a  total 
compressive  end  load  of  5400  lbs. 

In  the  centre  portion  of  the  top  spar  the  end  load  due  to 
the  body  strut  must  also  be  taken  into  account. 

PRELIMINARY  SECTION  OF  FRONT  SPARS 

Although  the  exact  section  at  every  point  of  the  spar 
cannot  yet  be  decided  upon,  since  we  do  not  know  what  will 
be  the  final  bending-moments  and  end  loads  everywhere  along 
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• 
the  spar,  wo  can,  by  takhig  aooount  of  the  work  already  dotie, 
get  Home  idea  '*^  ♦*»•*  l»rr»!»i*l»!«»  »*!/j*  <if  ii|>ar  »»nifj«lil»*  f^>  tli«* 
final  figurvtt. 

The  depth,  ol  counte,  i«  lixeti  uy  ihe  wing  accUuii.*  »>ui  ''  • 
width,  and  the  portioim  to  be*  Mpuidled,  aro  at  the  dUjH.  J 
of  the  dcMigner. 

A  rough  trial  Hection  for  the  top  front  spar  ia  now  Ut  U- 
aHMunu»d  having  rectangular  flanges  1*5  in.  wide  X  '3/>  in.  thick, 
rectangular  web  -35  in.  thick,  the  total  depth  of  nection 
about  4  in. 

An  approximate  idea  of  the  Hcction  modulua  of  thin  section 

iH  given  by  :  .         where    BD,    bd,    are  maximum    and 

minimum  breadthH  and  depths  respecUvely  ;  thus — 

Z= jrfz ==  2-3  nearly. 

The  area  of  the  section  =  2*2  sq.  in. 

Afipruximate  stress  in  the  spar  at  support  3  just  inside  the 

centre  bay  (see  Fig.  9)  is — 

198  X  12 
B.M.  stress  = r-^ —  =  1035  lbs.  per  sq.  in. 

A1 7A 

Direct  end  load  stress    =  -^-^  =  2810 

Total  stress  ^^  3845  lbs.  per  sq.  in. 

Allowable  stress  =  5500  lbs.  per  sq.  in. 

Thu8  it  would  appear  that  the  spar  section  is  certainly  on 
the  Mtrong  Hide. 

It  ought  still  to  be  rememl)ere<l,  however,  that  we  have 
neglected  stress  due  to  end  load  bending-momcnt,  and  in  any 
case  the  spar  section  is  such  that  it  would  not  be  wise  from 
practical  considerations  and  a  manufacturing  point  of  view 
to  niake  any  further  re<luction  in  the  width  or  thickness. 

The  spar  section  for  bottom  front  spar  is  assumed  to  be  the 
same  as  for  the  top  front  spar  (i.e.,  Z  =  2*3),  and  the  area  of 
the  section  A  =  2-2  sq.  ins. 

If  the  stress  due  to  bending-moment  and  due  to  direct  end 
load  be  found  at  one  or  two  points,  it  will  be  seen  that  the 
spar  is  up  to  strength. 

•  The  MTofoa  Metkm  known  m  R.A.F.  15  U  hera 


CHAPTER  III 

CKNTRE  OF  PRISHSURE   AT    -3   OF  CHORD 

MOMENT  OF  INERTIA  AND  SECTION  MODULUS 

Having  now  concluded  that  the  trial  spar  section  is  of  about 
the  right  onler  as  regards  overall  dimensions,  it  now  remains 
to  draw  out  what  is  anticipated  will  be  the  final  section,  and 
find  as  accurately  as  possible  its  moment  of  inertia,  area,  and 
the  section  modulus.     This  anticipated  section  is  shown  in 


V 


^ 

/•5: 


Pio.   15. — Front  8par8  ;    Moment  of  Inertia  Diagram 

Fig.  15.  It  is  assumed  that  no  spindling  of  the  spar  com- 
mences within  3  in.  from  the  points  of  support,  and  further- 
more, that  the  spar  is  drilled  vertically  at  the  points  of  support 
to  accept  a  5/16  in.  diameter  B.S.F.,  vertical  bolt. 

Thus,  there  is  a  solid  portion  extending  for  3  ins.  on  either 
side  of  each  support,  which  is  essential  for  receiving  fittings 
to  which  are  attached  struts  and  lift  wires. 

There  are  several  methods  of  finding  the  moment  of  inertia 
of  a  section  such  as  is  shown,  but  probably  the  most  convenient 
method  is  a  graphical  one,  and  of  all  the  graphical  ones, 
probably  the  best  of  them  is  the  one  about  to  be  described. 
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MoMt  of  the  otherM  arv  diflicult  to  urn*,  and  liiible  to  tnaoouimoy, 
wticn*aM  thiM  ont*  can  be  rooommended  for  iU  Miiii|ilicity  and 
genera]  reliability.  It  is  an  old  method  and  it  iM  diflicult  to 
Hay  who  originatinl  it ;  in  any  case  it  i«  not  lo  generaUy  known 
ait  it  ought  to  be,  coimidering  ita  uflefulneM.  The  method  in 
aM  followH — 

Find  the  neutral  axin  of  the  tteetion.  then  cube  the  leogth 
of  the  ordinate^*  (it  will  Im?  foun<l  an  advantage  to  uae  a  table 
of  cuIhm  for  thiM  purpoHc)  with  the  neutral  axis  a«  baae ;  net 
out  tluH  cuIxhI  lengtli  along  iU  own  ordinate,  and  draw  the 
outliiu*  of  the  (igun*  thuH  formed. 

The  moment  of  inertia  of  the  whole  section  is  then  equal  to 


Fio.  16.— Diagram  to  Illurtratb  Proop  of  Method 
TO  Find  Moment  of  Inrktia 

the  area  of  this  cube  figtire,  on  either  side  of  the  neutral  axis 
dividtnl  by  3. 

The  mo<lulus  of  the  section  is  then  easily  found  by  dividing 
by  half  the  depth  of  the  section.  If  it  is  necessary  to  draw  the 
culxj  ligurt»  to  scale,  then  this  must  be  accounted  for  in  the 
calculation  of  /. 

Moment  of  Inertia  (Proof  of  Role) 

Proof  of  metho<i  described  to  find  /  of  any  figure. 
The  moment  of  inertia  of  a  figure  about  any  axis  is 


where 


A     ^ 
d      « 


/.  4-  /I  X  rf* 

moment  of  inertia  about  an  axis  through  centre 

of  gravity, 
moment  of  inertia  about  new  axis, 
area  of  section  considered, 
perpendicidar  distance  between  the  two  axes. 
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Referring  to  Fig.  16 — 

Consider  any  strip  dx  in  width,  then 
breadth  X  (depth)* 
^o     -^  12 

""         12 
Then  /^  may  be  written  as 

Then  moment  of  inertia  of  whole  areii  is 
which  reduces  to 


B 


=  i/i<v 


;,8)rfa; 


Fig.  15  shows  the  hollow  spar  section,  also  the  solid  section 
with  T«  in.  vertical  bolt,  as  well  as  the  cube  diagrams  for 
both  these  sections,  and  tabulated  below  are  given  the  areas 
of  the  sections  themselves,  the  areas  of  the  cube  figures  (which 
in  this  case  have  been  drawn  J  full  size),  also  the  values  of 
/  and  Z  for  the  sections. 

FRONT   SPARS 


^=? 

X   4,    8IMCB    THE    CUBK    SCALB    IS    { 

Full  am 

Sscnoir. 

Area  of  Cube  Fig. 

/ 

Z 

m 

Area  of  Section. 

Solid  Section    .      . 
Solid  Section  {^ 

hole)  ... 
Hollow  ... 

sq.  in 
616 

4.88 
3-58 

821 

651 

4-77 

40 

317 
232 

7^ 

4-80 
28 

CORRECTED  REACTIONS  AND  B.M.'g 
It  is  now  possible  to  apply  the  more  detailed  and  more 
correct  method  to  this  case  of  C.P.  at  -3  of  the  chord.  This 
method  is  a  very  close  approximation  to  the  exact  mathe- 
matical solution,  and  is  due  to  Mes.srs.  Webb  &  Thome,  who 
originated  it  as  being  easily  applicable  to  design,  instead  of 
the  more  cumbersome  method  previously  worked  out  by  Webb 
himself. 
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Webb*M  original  met  hud  WM  NtandanliziHl,  huwfvcr.  for  the* 
checking  of  dc^igiiH  in  the  R.A.E.,  from  lUlO  onwunbt.  and  it 
waM  with  the  idea  of  making  the  methinl  eaiiily  applicable  to 
(leni^ii  that  the  latter  method  wait  evolved. 

It  wiutHrnt  publiHliiHl  in  **  Aero9tauiks,*\}tknuAry,  1019,  and  a 
Htimmary  of  the  method  will  be  found  in  the  appendix  to 
these  pageM,  where  the  notation  in  made  clear. 

It  will  Ik*  found  to  lie  quite  an  advantage  to  tabulate  the 
various  quantitieti  re<(uire<l  in  the  formulae  uaed,  and  no,  an 
an  example  of  how  tluM  ought  to  be  done,  Table  I  fihowH  In 
tabular  form  the  <|uantitie8  neoeimary  to  the  finding  of  the 
B.M.'h  at  the  variouM  Hup|M)rt^,  and  ultimat(*ly  the  whole 
H.M.  diagnim  for  the  top  front  spar. 

FINAL  REACTIONS  (Top  Front  Spar) 
The  corrected   btmding-moment^  at  varioiui  pointa  in  the 
several  bays  may  now  bo  caloulatinl  by  con.sidering  each  bay 
separately,  and  by  making  tise  of  the  (quantities  previously 
tabulated  in  Table  I. 

The  equations  for  if,  and  M^  are  (from  (I)  in  Appendix)* — 
(Outer  and  Inter.  Bays.) 

-489  X  101««  X  114  X  10*  -f  2M^^  X-9685  X  114 
X  10-»  -f  1054  X  -9988  X  114  X  10*  4   if,^  X  1037 
X   -989    X    10*  -{-  2(if,^  4    33)  -9297   X    989   X  10** 
i   670  X  -9974  X  -989  X  10*=  O. 
Dividing  throujdi  by  -989  X  10'*, 

-574  i   2  23J/,    +  l-8594if.         1^^73/3         -12I3-«I4 
-668 

or  40894i/,^  -f  10371/,^  ==  -  13G8  4  (A) 

(Intc^r.  and  Centre  Bays.) 

(M^^  4-  33)  X  1037  X  -989  X  10**  +  2lf,^  X  -9297 
X  -989  X  10-*  -f  670  X  -9974  X  -989  x  10*  +  M^^ 
X  10376  X  -936  X  10*  +  2if,^  X  -9288  X  -935  X  lO"* 
-f  664  X  -9973  X  -936  x  10*  -=  O, 
Dividing  through  by  -935  x  10* 

1  096if,j^  -f  l-966if,^  4-  1.0376jr,j^  +  \'WI6M^  ==  -M-2 
•  -  706  -  663 

or  l*096if,^  -h  4-86lf,j^  =  -  1305-2    .  -       {H) 

*  Refers  to  number  of  equAiton  in  WebbThomo  method  in  Apf«fMluu 
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(A)  ^  3-73        lOOOif,^  -f  0-278Jf,^  =  -  367 

1096if,j^  -f  4-860if,j^  =  -  1305-2  - 

4-582if  ,^  =  -  938*2 

if,^  =  - 204  lbs.  ft. 
Prom  (fi\  M         -^386-4+ 212 

=  -283  lbs.  ft. 


TABLE    1 


Span  (ft.)        .      . 

Span  (ins.) 

/  (in.*)       .      .      . 

5-5 
66 

4-77 

426 
51 

4-77 

4-0 
48 

4-77 

17400 

29200 

32900 

End  load  P(comp.) 

»(lb«.  ft.)       .      . 
^    (/  in  ft.).      . 

1440 
15960 
139-2 

5400 
23800 
148-3 

6176 
26724 
1410 

1054 

670 

564 

P 

1  +  0-2^. 

> 
l-0-38p- 

70P, 

•0828 
101656 

•9685 
•998818 

•1850 

10370 

•9297 

•997355 

•1875 

10375 

•92875 

•997327 

^p   ^'p,,(/in.ft.) 

Mm            Ml       . 

|(AfE  +  A/l)  .      . 

l  +  -26~      .      .• 

-(t)  •  • 

iMt-Mn)      .     . 
(AfL-AI.)- 
2wP 

114  X   10-» 

-489         -283 
-386 

•989  X  10-» 

-250         -204 
-227 

•935  X  10* 

-204         -204 
-204 

1-0215 
638 

104815 
342 

10488 
287-5 

4-   206 
604 

+  46 
•396 

0 
0 
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The  corrected  reactioiui 


489-28S 
R^  -   347  4   383  +      " i  . —  =  7«8  \\m. 

0*5 

250-204 


/?, 

383  +  315-38  4- 

iift 

-  «   071  IIm. 

H,^ 

315  4- 282- 11 

»  586  lU 
2025  lb«. 

BENDINQ-MGMENTS  IN  BAYS 
(*ontinuinK  the  Application  of  the  niethcMl  to  the  finding 
of  the  nm)ntitiicU*M  of  the  lK*iulitig-moment8  at  varioiui  poinlfl 
ill  the  Hevenil  ImyH,  we  have — 

Outer  liay. 

17400 
i/«irf    =  JJ555  (-  386  X  10215  -h  538)  from  (2)  Ap|x»ndix 

^7400  ,^^ 
=  15960  ><  **^ 
=  156lb8.ft. 

M,^  =  156  +  5  =  161  lbs.  ft.      From  (3)  AppencUx. 

^  =  ^''^  +  139!^  5:5        =  2.^^  +  •-««  -  3  «'«  ^' 

From  (4) 

c,         =  2-75  -h  .9  X  -269  -  1-2  7 j^  From  (.la) 

=  2-75  -}-  -242  -  1-292     =    17  ft. 
c,         =  2-75  -f  -242  -f  1-292     =  4-284  ft.      From  (56) 

Now,    using    the    same    formula,    wc    have   the    following 
equations  for  the  Intermediate  Bay — 

I  titennediaU  Bay, 

29200 

29200 


23800 


X  104  »  127-5  lbs.  ft. 


M^^   =:   127-5  4- -395  —    12811m.  ft. 


46  AEROPLANE  STRUCTURAL  DESIGN 

"  =  2'^^  +  145:3^7:26  =  -'-'  =    "^^  ^  2.^^«  ^*- 

c,  =  2126  -f  •»  X   073  -  1-2    /i£L- 

V  148-3 

=  2126  +   0657  -  1115  =  l()7«ft. 

C,  =   2125  -f   0667  4-1115  =  3-30r)  ft. 

In  similar  manner  for  the  Centre  Bay. 

Centre  Bay. 

32900 

J^max     =    J^mid   =26724^""  ^^^   ^    '  "^^^  ^  ^^"^'^^ 

32900 


26724 
c.  =  20  -  1-2 


X  73-5  =  90-3  lbs.  ft. 


/9()-3 
Vl41 


=  20  -  -96  =   104ft. 
c,  =  20  +  -96  =  2-96  ft. 

BENDING-MOMENT  DIAGRAM  (Top  Front  Spar) 

The  diagram  of  bending-moments  for  the  whole  spar  may 
now  be  plotted,  making  use  of  the  results  just  calculated, 
inserting  the  offset  btnding-moments  at  the  points  of  support, 
and  it  will  Ik?  seen  that  in  such  a  diagram  the  curves  drawn 
through  the  calculated  points  are  quite  regular  in  shape, 
which,  of  course,  ought  to  be  the  case,  and  which  is  to  some 
extent  a  fair  check  on  the  work  already  done.  The  points  in 
the  overhang  Ijending-moment  curve  are  obtained  from  the 
liending-moment  curve  drawn  in  the  load  curve  in  Fig.  5, 
for  it  is  not  strictly  accurate  to  insert  a  parabolic  curve  for 
that  portion  of  the  diagram. 

On  this  diagram  (Fig.  17)  are  shown  the  points,  a,  6,  </,  e, 
etc.,  which  constitute  the  limits  of  spindling,  being  actually 
3  ins.  on  either  side  of  the  support  where  the  spar  is  solid,  and 
it  is  important  to  remember  that  at  the  points  of  support 
I,  2,  3,  a  bolt  /y  in.  diameter  is  inserted,  to  which  is  attached 
the  fitting  taking  the  interplane  strut,  and  the  wiring  plate 
taking    the    lift    wire.    This   diagram    of    bending-moments 
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includes  end   load   bending-moments  and   is,   therefore, 
more  aecuraU*  than  that  in  Fig.  9. 


far 


TABLE  OF  LOADS  AND  STRESSES 

The  values  of  the  bending-moments  at  the  several  points 
may  now  be  taken  from  the  diagram  and  tabulated  in  some 
such  form  a.s  Table  2,  which  contains  also  the  area  and  the 
section  modulus  for  these  points  as  well  as  further  columns 
necessary  to  complete  the  table.  It  should  be  noted  that  in 
column  5,  in  which  are  tabulated  the  end  loads  at  the  various 
points,  these  are  not  the  mean  end  loads  as  shown  in 
Fig.  1 1  ;  but  represent  the  exact  end  loads  at  the  particular 
points. 

The  bending-moment  stress  is  obtained  by  dividing  the 
bending- moment  in  lbs.  ins.  by  the  modulus  of  the  section, 
whilst  the  end  load  stress  is  equal  to  the  end  load  divided  by 
the  sectional  area,  and  the  total  stress  is  the  sum  of  these  two 
stresses.  The  last  column  shows  the  list  of  factors  of  safety 
using  a  yield  stress  of  5500  lbs.  per  square  inch,  from  which  it 
will  be  observed  that  the  least  factor  for  the  whole  spar  is  1  -59. 

TABLE    2 
Top  Front  Spar.     Five  Times   Load,   C.P.   at  -Sc 


Section. 

A  in.* 

Zin.« 

B.M. 
lbs.  ft. 

End 
load. 

B.M. 

Strew. 

End  load 
Stress. 

Total 
Stress. 

F.S.  on  5600 
lbs./in.» 

lbs. 

Ib8./m.* 

lba/in.« 

lba/in.« 

a 

23 

232 

455 



2350 



2350 



la 

4-8 

317 

534 

— 

2025 

— 

2025 

— 

16 

4-8 

317 

489 

1650 

1855 

345 

2200 

— 

6 

2-3 

232 

405 

1650 

2100 

720 

2820 

— 

r 

2-3 

2-32 

161 

1650 

835 

720 

1555 

— 

d 

23 

2-32 

210 

1228 

1085 

535 

1620 

— 

2d 

4^8 

317 

283 

1228 

1070 

255 

1325 



2e 

4-8 

317 

250 

4826 

945 

1000 

1045 



e 

23 

2-32 

180 

4826 

930 

2100 

3030 

1-82 

/ 

2-3 

232 

128 

5076 

665 

2600 

3265 

169 

9 

2^3 

232 

150 

5976 

775 

2600 

3375 

1-63 

^ 

4-8 

317 

204 

5976 

770 

1245 

2015 

— 

3h 

4-8 

317 

204 

6176 

770 

1285 

2055 



h 

23 

232 

150 

6176 

775 

2685 

3460 

1-59 

1 

..3 

232 

00 

6176 

465 

2685 

3150 

175 
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Shear  Strai  Doe  to  Bendiiif 

The  maximum  Hhcar  HtreMi  occurn  at  the  point  where  the 
itlope  of  the  beiuliiig' moment  diagram  in  Kteepest  (t.f.,  whero 

-r-  ban  a  maximum  value).     Thin  point  will  be  mh^\  to  o««cur 

in  the  overhang  |K)rtion,  at  the  point  marked  1. 

The  maxhnum  Hhear  KtrenH  in  given  by  the  exproadon — 

Mi/    li         D^-d^)\      rf«),      ^    ^  „ 
7    -  ~"  /  I  »  T  ^  — g —  J  "^  8  t  hoUow  Miction. 

315  r  /IJS        4  (U«-3-34«\        3;34«J 
""  4-77  I  V35  ^  8  y  "^      8     ) 

315  (1-5       615  ) 

-  4.77 1 .35  ^  nr  "^  **^^*''M  ^  •^''*  *^  p®*"  *^-  *^ 

Alluwablo  shear  atrees  ~  800  lbs.  per  sq.  in. 


Bottom  Front  Spar  C.P.  at  -8  x  Chord 

By  reference  to  Figs.  6  and  1 1  it  will  be  observed  that  this 
spar  is  much  more  lightly  loaded  than  the  top  front  spar,  and, 
furthermore,  that  the  end  loads  occurring  in  it  are  tensile, 
whereas  those  on  the  top  front  spar  are  compressive  throughout. 
(Jt'ncrally.  this  spar  is  subject  to  its  worst  condition  of  loading 
wlirn  t  lie  loading  is  reversed  (i.e.,  when  it  sustains  down  loading 
and  the  consequent  compressive  end  loads).  Strictly  speaking, 
if  the  cross-section  of  the  bottom  front  spar  is  likely  to  be 
similar  to  that  already  given  for  the  top  front  spar,  then  the 
strc»ss  at  any  i>oiut  is  bound  to  l>e  less,  since  the  lo<iding  ia 
lc*ss,  and  the  end  load  is  tension,  both  of  which  help  the  spar 
directly.  It  is  usual,  however,  to  make  sure  that  the  final 
rt»actions  do  not  differ  appreciably  from  those  shoiin  in 
V\)l.  11,  and  to  see  that  the  fixing  moments  are  less  than  the 
largest  on  the  top  front    spar.      This   is  done  in  Tabk^  3 

\  final  bending-moment  diagram  for  the  bottom  front  spar 
will  not  be  dra>»ii  for  this  case,  and  it  will  Im*  left  to  the  corre* 
sjx)iuling  case  for  doMii  load  to  decidr  finally  if  the  spar 
section  already  given  is  up  to  strength. 
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-£2l 


JbSL. 


J:*-* 


'44J 


-447 


TABLE   3 


^' 


s» 


Span  (ft.)      .      .      . 
Span  (ins.)    . 
/  (in.«)     .      . 

5-5 

66 

477 

4-95 
59-4 
4-77 

17400 

21500 

if  =  16  X   10* 

End  load  P  (tension) 
P,  4-  P    .      .      .      . 

174 
17r)74 

2650 
24150 

w  (Ibe.  per  ft.)   .      . 
^(finft.)    .      .      . 

116-4 

122-5 

882 

752 

P 

^       '     P 
1-0.12^ 

0100 

123 

•9988 

•98622 

1  +  032^ 
p  * 
•  +  80/.. 

10032 
1000125 

10394 
1001638 

1 

1035  X  10-* 

1 

•837  X  10-» 

{P.-^P\i 

The  equation  for  M^,  using  the  values  in  Table  3,  is  (using 
formula  (7)  in  Appendix) — 

-447  X  -9988  X  1035  X  10*  -f  2if,  X  10032   X    1035 
X  10-«  -h  882  X  1  0001 25  X  1035  X  lO*  -|-  2M^  X  10394 
X  -837  X  10-»  +  752  X  1  001538  X  -837  X  lO"*  =  O, 
:,  2-48if ,  -f  20788if ,  =  -  1092  -  753  -f  553 
4-559if  ,=  -  1292  .*.  if ,  =  -  283  lbs.  ft. 


(  KNTHK  OK  rUFXSrRK  AT  -3  OP  (*HORD 

The  com?ft<Hl  n*uetit>tiM  an«  - 

447  -  *'83 
A,  -   280   i   32<»  i         ^  ^-       -  630  IIm. 

2SS 

i?»  -   32(»   I   303  -  30  -f  j:g5  «  eWO  Ibii. 
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/»',       'M):\    :»7 


=   240  Ibn. 


Corrected  Force  Diagram 

Tlif  ti.rrrt  ted  n*actioiiH  for  the  front  tnins  have  now  been 
deUTniintHl.  ami  it  will  be  notice<l  that  they  differ  but  little 


fmOttT 


Flo.  18.— I>BA<»  FORC'KH  IS  Bc>l>Y  HTBITH,  C.P.  at    3 
OP  niK   CMlORD.      5   TlMEX    IxtAD 


from  the  estimated  reactionH  which  neglected  end  load.  If 
there  had  U^n  any  appreciable  difference  in  the  final  reactions, 
then  it  would  have  Ihh'u  neceH8ar>-  to  have  drawn  a  new  diagram 
of  loads  corrcMixHidiiig  to  Fig.  II,  and  to  have  found  the  new 
end  loads,  etc.  In  any  case,  however,  if  neceeeary  a  liending- 
moment  diagram  may  Ih*  drauii,  and  the  actual  factors 
obtained  for  the  )>ottom  front  spar  as  was  done  for  the  top 
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front  spar,  but  this  is  hardly  needed  unless  the  spar  cross 
section  is  less  in  the  bottom  than  the  top  spar. 

True  Loads  in  Lift  Wires  and  Interplane  Struts 

To  e«timate  the  true  loacls  in  the  lift  wires  and  interplane 
<<  I  iM  <  tlie  loads  shown  in  Fig.  1 1  must  be  multiplied  by  factors 
1  from  the  diagram  shown  in  Fig.  14  (i.e.,  the  loads 
m  I  la-  int^rj)lane  struts  and  outer  lift  wires  must  be  increased 
in  the  ratio  of  1-1  to  1,  and  the  loads  in  the  front  main  lift 
wire  by  1).  This  makes  allowance  for  these  members  being 
out  of  the  plane  of  resultant  lift. 

Drag  Forces 

The  drag  forces  on  the  bottom  wing  and  the  lift  forces  at 
the  hinges  are  taken  on  to  the  fuselage  direct,  but  in  the  case 
of  the  top  planes  the  resultant  drag  force  there,  together  with 
the  local  lifts  at  the  body  strut  joints,  are  taken  on  the  body 
struts  and  the  side  bracing  between  them.  The  actual  loads 
are  shown  in  Fig.  18,  the  resultant  drag  being  obtained  from 
Fig.  11. 

To  all  intents  and  purposes  this  completes  the  calculations 
for  the  case  of  centre  of  pressure  at  -3  of  the  chord,  and  we 
must  next  turn  our  attention  to  another  case,  which  we  have 
termed  case  2,  where  the  centre  of  pressure  is  situate  at  -5 
of  the  chord.  Much  of  work  is  similar  in  character  to  that  in 
case  1,  but  it  is  described  fairly  fully  for  the  reader's  benefit. 


CHAPTER   IV 

CENTR£  OF  PRESSURE  AT  -6  OF  THE  CHORD 

Thih  IK  thr  limiting  rear  position  of  the  centre  of  pniMure, 
which  III  ordinary  flight,  and  ia  the  condition  which 

gtmcmlK  '  *-  normal  horixontal  flight  with  a  umall 

angle  of  nu  >oiit  3  degrees.    The  general  load  cur\'e 

ummI  in  exiu-tly  the  Mune  an  for  the  centre  of  premure  forward 
condition,  but  the  distribution  of  load  on  the  front  and  rear 
H()arM  differs,  inasmuch  as  more  load  is  now  taken  on  the  rear 
spar  than  the  front.  The  linear  scale  of  the  load  ounre  is 
exactly  the  same  as  before,  t.e. — 

2*5  ins.  represents  1  chord  =    5-75  ft. 

5*75 
1  in.  represents  -^         =    2*3  ft. 

Load  Diagram  For  Top  Wing 

The  load  diagram  must  now  be  set  out  indicating  the 
positions  of  the  int<Tpliine  struts,  and  the  centre  line  of  the 
machine,  the  wing  tip  coinciding  with  the  end  of  the  diagram. 
Fig.  4  shows  the  position  of  the  centre  of  pressure  at  all 
points  along  the  >«'ing.  and  it  will  be  seen  that  it  is  nearer  to 
the  rear  spar.  From  this  diagram  and  that  in  Fig.  3,  the 
proportion  of  loa<l  taken  on  the  rear  spar  can  be  estimated. 
Then*  is  one  im|)ortant  feature  in  which  this  load  curve  differs 
from  that  for  the  front  spars,  for  it  will  be  remembered  that, 
in  that  case,  it  was  assumetl  that  where  portions  of  the  trailing 
t^ge  of  the  wing  are  cut  away,  the  centre  of  pressure  moves 
foniard  so  as  to  be  always  at  -3  of  the  chord,  even  where  the 
chord  is  reduced,  thus  giving  the  worst  condition  of  loading 
for  the  fn)nt  sjmr  ;  whereas  in  this  case  of  C.P.  rear,  the  centre 
of  pressure  is  assumed  to  remain  at  a  constant  distance  from 
the  leading  edge,  this  being  the  worst  condition  for  the  rear 
spar.  The  lower  portion  of  the  load  curve  (Fig.  19)  represents 
the  proportion  of  load  taken  on  the  rear  spar,  and  the  upper 
|H)rtion  that  taken  on  the  front  spar. 

Top  Rear  Spar 

\s  before,  the  factor  to  be  adopted  in  this  case  of  C.P. 
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irt  five  times  load,  then  the  total  load  oti  half  the  top  wing 

172*5 
factor  X  aroft  X  load  per  tquare  loot  (net)  =  A  x  — a— 

X  6*57  =:  2830  Ibii.,  and  the  area  of  the  whole  load  curve 
t  thiri    load   =   20*22  sq.  ins.,    henoe    the    load 

I  l»y   1  iM|.  in.  of  load  curve  «  ih  lbs. 

>f  the  diagram  representing  the  load  on  the  spar 

_-  ...    -1  iiiM.,  hence   the   load   on   the   spar  =  22*01  x  97 

.M<  >f  the  load  diagram  for  thiii  npar  ia 

-^=.3.22m.. 

then  the  mean  load  on  the  spar 

2134 
=  -rv-Tk  =  1^*8  !*>«•  per  ^^*  ™n 

from  which  the  load  scale  is,  therefore, 
Ixmd  per  foot  run 
*~'  mean  height  of  diagram 
UO-8 

Overbaoc  Bending-Moment 

It  will  be  seen  from  the  load  diagram  that  the  double 
integration  has  been  jH^rformed  graphically,  exactly  as  was 
•  lone  for  the  front  spar  in  case  1  (Fig.  5).  fnnn  ulni  h  tin.  <<Hle 
•f  lx*nding-moment  can  be  determined 

=  Load  per  foot  run  x  (linear  scale)' 
1  in.=   43-7  X  2-3  X  2-3  =  231  lbs.  ft. 
hence  the  maximum  bending-moment  at  the  support  1  is — 
305  X   231  =  705  lbs.  ft. 

Free  Reactiona 

In  order  to  estimate  the  offset  bending-moments.  it  is 
neoessary  to  get  some  idea  of  the  loads  in  the  outer  and  inner 
lift  wires,  and  to  do  this  the  free  reactions  must  fimi  be 
titained  from  the  completed  load  diagram. 

The  load  diagram  is  completed  by  calcuUiting  the  areas 
under  the  curve   between   the  supports    1-2  and   2-3»  and 
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inserting  the  loads  thereon  in  proportion  to  the  area — ^thus 
the  load  on  the  overhang  =  398  lbs.,  in  the  outer  bay  =  810  lbs. 
and  in  the  inner  bay  666  lbs.,  whilst  the  centre  portion  takes 
2  X  260  lbs. 

The  load  per  foot  is  easily  determined  in  each  bay,  which 
enables  the  free  bending-moment  at  the  centre  of  each  bay 
to  be  calculated. 


Bottom  Rear  Spar 

In  exactly  the  same  way  that  the  top  wing  has  been  dealt 
with,  so  a  load  curve  must  be  drawn  for  the  bottom  wing  in 
order  to  estimate  the  loading  along  the  bottom  spars  and  the 
overhang  bending-moments. 

It  is  thought  to  be  unnecessary  to  go  into  great  detail  in  the 
text,  but  simply  to  make  reference  to  Fig.  20,  from  which,  by 
comparison  with  the  work  already  done,  all  the  required 
information  is  forthcoming.  The  same  assumption  is  made 
regarding  the  constant  distance  of  the  C.P.  from  the  leading 
edge. 

The  load  on  one  bottom  plane  (half  wing)  is, 

6-43    X  -2"   X  ^  =  2172  lbs., 

and  the  load  per  square  inch  of  the  load  curve 

2172        2172 

area  under  curve        26-8 

Area  of  the  curve   representing  the  load  on  the   bottom 

rear  spar  =  20-2  sq.  ins.,  hence  the  load  on  the  spar 

=   20-2  X  81  =  1636  lbs. 

The  mean  height  of  this  diagram 

area        20-2 

3-22, 


length       6-28 
then  mean  load  per  foot  run  is, 

1  ff  ^R 

=  1131  lbs.  per  ft.  run. 


14-45 
Thus,  the  load  scale 

1131 


3-22 


35-2  lbs.  per  ft.  run. 
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Overhang  Bending-Moment 

By  integrating  the  load  curve  twice  the  overhang  bonding- 
moment  for  the  bottom  rear  spar  is  determined,  the  scale  of 
bending-moment  being — 

1  in.   =   35-2  X  2-3  X  2-3  =  186-3  lbs.  ft. 
Its  maximum  value  occurs  at  the  outer  support,  and 
=    186-3  X  3-05  =  568  lbs.  ft. 

Offset  Bending-Moments 

The  ulTset  bi'ndiiig-nioment  at  the  ouUt  and  inner  points 
of  support  can  be  obtained  when  the  approximate  loads  in  the 
lift  wires  have  been  found,  and  these  in  turn  depend  directly 
upon  the  reactions  (hie  to  lift  loads. 


Fio.  21. — ^Free  Reactions  Diagram,  C.P.  at  -5 
OP  THE  Chord.     5  Times  Load 

It  is  easy  to  approximate  to  loads  in  the  lift  wires  by  setting 
out  the  rear  truss,  and  inserting  the  free  reactions  (Fig.  21), 
for  these  latter  are  easily  obtained  from  the  load  curve  as 
before. 

The  offset  bending-moments  at  points  1  and  2  on  the  top 
rear  spar  are  respectively — 

•25 
2270  X  ^  =  47  lbs.  ft.,  say,  50  lbs.  ft.  at  1, 


and 


12 


4150  X  T^  =  34-6  lbs.  ft.,  flay,  35  lbs.  ft.  at  2. 
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Top  Froot  Spar  CJP.  R«ar 

By  reference  to  the  load  curve  for  the  top  wing  (Fig.  10),  the 
upper  |)ortion  of  which  refen  to  the  front  upar.  it  will  be  eeen 
that  a  Mimilar  proceciure  has  been  adopted  in  order  to  get 
at    the   distribution    of    the   Ioa«I  '    the  spar,   and   to 

Hnd  the   bending-moment    at   th*  nang,   and   the   fiee 

Ijcnding-moments  in  the  bays. 

The  free  reactions  at  the  outer  and  inner  points  1  and  2  on 
the  front  spar  are  256  lbs.  and  244  IhM.  resi)cctively,  and  the 
maximum  value  of  the  overhang  bending-moment  is  231  X'85 
--•  196  lbs.  ft.  By  comparison  with  the  free  reactions,  diagram 
Fig.  20»  the  offset  bending-moments  at  points  1  and  2  are 
20  Ibri.  ft.  and  15  lbs.  ft.  respectively,  and  the  offnets  are  such 
as  to  make  the  offset  bending-nioments  positive  in  the  inner 
and  outer  bays. 

Bottom  Front  Spar  C^.  Rear 

In  the  sjimr  way.  by  reference  to  the  upper  |>ortion  of  the 
load  cur\'e  for  tin*  lK>ttom  wing,  and  by  Kimilar  meanH,  the 
n*actions  at  the  joints  1  and  2,  the  overhang  bending-moment, 
and  the  free  bending-momcnts  in  the  bays,  may  all  be 
detennincd. 

The  free  reactions  at  1  and  2  are  found  to  be  214  lbs.  and 
217  11)8.  respectively,  and  the  maximum  value  of  the  overhang 
bending-moment  is  186-3  X  *85  =  158  lbs.  ft.,  by  inspeottor 
of  Fig.  20. 

Preliminary  Reactions  Top  Rear  Spar 

These  can  be  calculated  by  solving  the  three  moment 
equations,  but  it  should  still  be  remembered  that  end  load 
in  the  spar  is  not  yet  accounted  for ;  consequently,  thi- 
reactions  so  obtained  will  be  approximate.  It  should  als«>  U^ 
noted  that  the  fixing  moments  obtained  in  these  preliminary 
estimates  are,  in  every  case,  those  on  the  outer  side  of  the 
supports. 

For  the  top  rear  spar,  the  three-moment  equations  arv— 
(705  +  50)  5-5  -f  2if ,  X  5-5  +  21f ,  X  4-25  -f  4-25  M^ 
-  -  2  X  35  X  4-25  -  2  X  5-5  X  558  -  2  X  4-25  X  858 
from  which — 

10-5  if,  +  4*25  if,  =  -  5885  (1) 
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Again. 

4-25  3/,  f  2(4-25  +  4)  if ,  +  4  if ,  =  -  2  X  4-26  X  353 
-  2  X  4  X  260  -  4-25  X  35 

from  which — 

4-25  M^  -f-  20-6  M^^'  5230  (2) 

Henoe — 

Mt=:  -  253  lbs.  ft.  and  M^  =  -  207  lbs.  ft. 

The  moclificci  reactions  are,  therefore— 

RRR  —  2*51 

R.  =  398  -}-  405  H — —  =  877  lbs. 

5*5 

215  —  203 

R^  =  405  -f-  333  -  74  -f        .  ok      =  ^67  lbs. 

/?,  =  333  -f  260  -  3  =  590  lbs. 

2134  lbs. 


Top  Front  Spar  C.P.  Rear 

The  top  front  spar  modified  reactions  may  be  calculated  in 
a  similar  manner.     The  three-moment  equations  are — 

-  (196  4-  20)  5-5  -f  2  if,  X  5-5  -h  2  if,  X  4-25  +  4-25  M^^ 
=  -2  X  5-6  X  184-5-2  X  4-25  X  116-5-2  X  15  X  4-25 

from  which — 

19-5  if, -h  4-25  if,  =  -2180  .  .  (1) 

4-25  if,  -f  2  X  8-25  if ,  +  4  if ,  =  -  2  X  4-25  X   116-5 

-  2  X  4  X  86  -  4-25  X  15 
From  which — 

4-25  M2  4-  20-5  if,  =  -  1742  (2) 

Hence — 

if,  =  -  98  lbs.  ft.  and  M3  =  -  65  lbs.  ft., 

and  the  modified  reactions  are — 

Ri  =   122  -f  134  -f  -^"^^       =  270  lbs. 

Rt=   134  -f  no  -  4  +  -f^s"  ""  ^^^  ^^®* 
iJ,  =   110  +    86-4  =   192  lbs. 

696  lbs. 
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Bottom  Botr  Spar 

It  will  bi*  iioUhI  that  the  bottom  wing  im  hinged,  and  that 
there  are  no  otlMait  to  contend  with,  hence  the  ihree-momeQi 
eqimtion  for  the  iMittoni  rear  spar  ia — 

- 568  X  5-5  4-  2  X  (5-5  -{-  4M)  if,  f  4  95  x  O  «  -  2 
X  5*5  X  465  -  2  X  485  X  388 
Since  M^=^0  beoauae  of  the  hinge,  thia  beoomaa — 
20*9  lfg»  -5110-3840  +  3130  =  -5820, 

from  which — 

A/,  -  -  279  lbs.  ft. 
The  n>Actionii  are,  therefor© — 

568  -  279 
¥•5 


H,        334  -\-  338  -\-  '  —^r/      ^   72r.  Ib« 


279 
/?,        :ns  f  313-53  +  j7g^  =  654  Iba. 

/?,  =  313     56  =  257  Iba. 

1636  lbs. 

Bottom  Front  Spar  CJ^.  Rear 

Similarly,  for  luittom  front  spar,  the  three-moment  equation 


-  158  X  55  -f  2  (5-5  +  4-95)  if ,  -f  0  =  -  2  X 

-  2  X  4-95  X  130. 

5-5  X 

154 

Thua— 

209  if,  = 
From  which — 

-1695-1288  +  870  = 

-2113 

M,= 

-  101  lbs.  ft. 

The  reactions  \ 

are — 

/?.  = 

,0.  +  „.  .  ■--»' 

=  224  lbs. 

112+  105- 10+ i^ 
105-20 

=  227  lbs. 

-     85  lbs. 

536  Iba. 
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PRELIMINARY  BENDING-MOMENT 
Diagrams  for  Top  and  Bottom  Rear  Spars 

At  this  point  it  must  be  our  endeavour  to  construct  for  the 
top  and  bottom  rear  spars  the  preliminary  bending-moment 
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Fio.  23. — Prkliminary  B.M.   Diagram. 
Bottom  Rear  Spab 
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diagrams  which  will  enable  tia  to  make  a  good  oitimat4) 
of  the  general  overall  sizes  of  the  spar  sections. 

Set  out  ftmt  of  all  the  poinU  of  support*  and  the  bending- 
nitmients  at  these  points,  which  have  alreadv  been  found, 
the  overhang  B.M.  being  obtained  from  the  load  diagrams. 
(Figs.  10  and  20.) 

Initert  now  the  offset  bending-moments  which  arc  already 
known,  and  nliio  the  paralMilic  {HirtionD  of  the  diagram  due  to 
ti  lir  lift  UmvH,  whose  ma»imnm  ordinates  may  be 

c>'  I  hy  inM|H'ction  from  the  load  curve. 

From  the  experience  gained  in  constructing  similar  diagrams 
for  the  front  top  and  bottom  spant.  there  will  \m*  no  difficulty 
in  complrtin^  lM>th  diagrams  as  nhown  in  FigH.  22  and  23. 

The  end  loadH  munt  now  he  det4*rmine<l,  and  to  do  this  a 
diagram  «»f  K*iiit<  mtmI  wires  must  be  made. 

DIAGRAM  OF  STRUTS  AND  WIRES 

This  diagram  (Fig.  24)  may  now  be  dravin,  making  ujm?  of 
the  approximate*  reactions  just  found,  inserting  the  front 
tni8s  at  the  bottom  of  the  sheet,  since,  for  the  case  of  C.P. 
rear,  the  front  truss  is  only  of  secondary  imi>ortance,  an<l  is 
mainly  ustnl  to  obtain  correct  drag  forces.  It  will  not  lie  necnlf  ul 
to  go  again  into  details  describing  how  to  obtain  the  end  loads 
in  the  spars  and  the  loads  in  the  wires,  but  if  any  difficulty 
ever  prt»sents  itst»lf ,  the  work  can  always  be  checked  graphically. 
The  drag  forces  will  be  found  as  follows — 


DRAG  FORGES 

The  attitude  of  the  aeroplane,  when  flying  hori7^)ntally  with 
(M*.  at  -5  of  the  chonl,  is  such  that  the  angle  (»f  incitience  of 
the  wings  is  about  3  degrees,  and  it  is  advisable  to  draw  an 
end  view  of  the  wing  structure  showing  the  chord  set  at  3 
degrees  to  the  h«  1.  together  with  the  stmts  and  wires 

in  their  relative  \>  The  drag  forces  on  the  wings  nuiy 

now  lie  found,  either  by  drawing  out  a  separate  diagram  for 
each  joint,  as  was  done  in  case  (1),  or  by  the  second  method, 
in  which  only  one  diagram  is  made. 

Fig.  25  is  the  diagram  correaponii  14  for  (\F. 

forward.     As  before,  the  lift  force  is  s«     ,     ,  ularly  to  the 

line  of  flight,  and  the  direction  of  resultant  lift  obtained  by 
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Fio.  24. — Force  Diagram  for  Rear  Truss,  C.P.  at 
•6  OF  THE  Chord.     5  Times  Load 
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6.1 


taking  the  drag  equal  to  one-fleventh  of  the  lift.    Thin  rraultaiit 
lift  is  marked  off  unit  length,  0^4,  to 


and  n  line 

drawn  parallel  to  wing  chord  (i.e.,  3  degrees  to  hori7.4intal), 
whilMt  through  the  |K)int  O  the  linoM  OB,  OC,  OD  are  drawn 
pariiUel  to  the  Mtrut^t  and  lift  win*M  to  cut  the  line  through  A,  in 
ii,  C,  and  D,  The  drag  force  at  each  joint  may  now  be  calcu- 
hkt4Ml.  Ijeing  dependent  upon  the  lift  force  at  each  joint  in 
exactly  the  same  way  as  dodcribiHl  in  detail  for  case  (1),  C.P. 


iMo^njmr.   \ 


Pig.  25. — Duao  Cobwwicikht  Diaukam,  (\P.  at  -5  of  tiib 
C^HoKD.    Anolb  or  Incidbncb  3  Dboi 


forward.  The  values  obtained  are  inserted  in  Fig.  24,  and  the 
end  loads  in  the  spars  and  loads  in  the  drag  bracing  on  both 
the  top  and  bottom  wings  calculated  or  obtained  by  graphical 
methods. 


PRELIMINARY   SECTION  OF  REAR   SPARS 
Top  Rear  Spar 

At  this  point  we  are  able,  by  taking  account  of  the  B.M. 
diagram  and  the  end  loads  for  the  spar,  to  get  some  idea  of 
the  probable  size  of  section  suitable  to  the  loading,  and  so  a 
trial  section  is  to  be  assumed.  The  depth  of  section  is  fixed 
by  the  aerofoil  section,  and  the  depth  will  be  found  to  be 
about  3*3  in. 
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Assuming  an  overall  width  of  1*5  in.  and  web  and  flange 
thicknessea  of  -4  in.,  it  will  be  found  that  the  section  modulus 
is  given  by — 

BD^-bd*       1-6  X   3-3'- 11  X  2r)» 


Z  = 


6Z)  6x3-3 

=  1-86  m.3 


19-8 

Assuming  section  to  be  split  into  rectangles, 

Area  of  section  =  3-3  X  1-6-  M  X  2-5 
=  4-96-2-76  =  2-2in.* 

Judging  from  the  B.M.  diagram  and  the  end  loatls  it  is 
probable  that  the  stress  will  be  a  maxitnum  just  inside  the 
outer  support. 

653  X  12 
B.M.  stress        =  — Ym —  =  ^^20  lbs.  per  sq.  in. 

2582 
End  load  stress  =    .  g.    =   1 170  lbs.  per  sq.  in. 

Total  stress        =  5390  lbs.  per  sq.  in. 

The  end  load  bending-moment  has  been  neglected  in  this 
estimate,  and  on  that  account  the  final  stress  may  be  sliglitly 
greater  than  the  figure  now  obtained,  but  against  that  we 
have  neglected  the  fact  that  the  spar  is  solid  for  a  distance  of 
3  in.  from  the  point  of  support  where  the  B.M.  was  taken 
which  would  mean  that  when  account  is  taken  of  solid  portion 
the  stress  wiU  be  reduced. 

Possibly  these  two  factors  more  or  less  counterbalance,  and 
it  is  quite  possible  that  the  final  stress  will  be  just  below 
5500  lbs.  per  square  inch,  in  which  case  the  trial  section 
assumed  may  be  considered  up  to  strength. 

Bottom  Rear  Spar 

Following  similar  lines  a  preUminary  bending-moment 
diagram  for  the  rear  bottom  spar  may  be  constructed,  since 
all  the  necessary  particulars  are  now  available. 

This  preliminary  B.M.  diagram  will  be  seen  from  Fig.  23, 
and  assuming  that  the  bottom  rear  spar  has  the  same  section 
as  the  top  rear  spar  it  will  be  found  that  the  maximum  stress 
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in  within  the  safe  limit.    Thin  maximum  point  will  be  found 
to  bo  jiwt  iiudde  the  outer  support  when  tlio  B.M.  nirvm 

BM. ^  568  X  12 

""    moduluM  of  section  ~       1-86 
^--    3670  lbs.  per  sq.  in. 

«idk)ad__877 
2-2 


r^ 


End  load  utren  » 


sectional  area 


B  400lba.perBq.  in. 

Total  stress  ~  4070  lb*.  fw»r  mi  in 


I 


1 


:    ; 


y 


i: 


\ 


L_u 


FINAL  ESTIMATE  OF  SPAR 
STRESSES 

\W  uri'  now  in  a  jh .^tion  to  make 
a  final  estimate  of  th.  ^tn- .s  in  the 
Hpan*  induced  by  this  t  a.M'  of  centre  of 
pretwure  at  -5  of  the  chord.  The  exact 
moment  of  inertia,  section  modulus, 
and  area  of  section  ought  first  to  be 
calculated  from  the  correct  section 
shown  in  Fig.  26,  where  the  cube  figure  is  also  shown. 

Herewith  are  the  resulUi  required  for  various  sections  of 
the  spar — 


Fi«.  2«.— M.I.  DiAciiiAM. 
Ukak  Hpaim 


-4 


X  2. 


REAR  SPARS 

loe  ib6  cube  aeftle  it  |  f uU 


Ax«aof 
CubeFigora. 

/         1 

£ 

Am  of 

Seetion. 

Solid  section       .      .      . 
Solid  Miction  with  ,\  ins. 

hole 

Hollow  weetUm  .     .     . 

S-9SMi.iiiii 
4-75     ^ 

4(»  inB.« 

S-60    ,. 
S-17   ^ 

2-78  in«». 

221    „ 
19     ^ 

5-01  tq.  inSL 

i  3-97      ^ 
1  2-17     ^ 

Top  Rear  Spar 

A|)|)l villi;  now  tlu*  more  exact  method  described  in  the 
apiHiulix  to  tlu>r  pa^rs.  the  tabulation  in  Table  4  shows  the 
various  quantities  retjuiretl,  and  the  general  proewhm*  may 
U'  bt»tter  followinl  by  reference  to  it  and  the  work  whirh 
follows  immediately  after  it. 
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tmtrsm  *^S^ 


TABLE  4 


8pMi  (ft)    .      .      . 
Span  (ina.)        .      . 
/  (in.^)  .... 
p        «•«/ 

5-6 
66 
317 

4*20 
51 

317 

40 
48 
3-17 

11550 

193r>0 

21900 

End  load  P(Comp.) 
P,-P   .... 

2936 
8616 

ft24« 
13104 

6079 
15821 

«ir(lb«.perft.)    .      . 

4 

147-6 

166-5 

1300 

1116 

706 

520 

P 

0-254 
10508 

0-3226 
1-0646 

0-2775 
1-0565 

1-0.38^.      .      . 

0-9035 

0-8776 

0-8945 

1-      ^              .      . 
*      70P, 

099637 

0-99539 

0-99603 

1 

211  X  ia-» 

-663        -267 

1-796  X  10-" 
-232         -214 

1-58  X  lO"' 

ifr^iJ.: : : 

-214         -214 

J(Jlf, -fAfJ    .      . 

-460 

-223 

-214 

10660 
569 

10839 
360 

1-0722 
266 

(Af^-Af.).      .     . 

386 
1065 

18 
0-0576 

0 
0 

FINAL  REACTIONS 
Top  Rear  Spar 

Having  completed  Table  4,  formula  (1)  in  Appendix  is 
applie<i  to  find  the  fixing  moments  M^^  and  M^^  at  points  2 
and  3,  as  follows — 

-  653  X  I  0508  X  211  X  lO"'^  -}-  2  JJf,,  X    9035  X  211 
X  lO-'^   f  1116  X  -9964  X  211  X  lo'^  -f  M^^  X  10645 
X   1-795   X    10-5  4_  2(3/,^  +  35)  -8775  X  1-795   X    lO"*^ 
+  706  X  -9954  X  1-795  X  lO'^  =  O. 
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Dividing  through  by  1-795  X  lO"*  we  haTO 

-  807-5  -f  2  12  i/,^  4-  1-755  M^  -f  1-0645  M^  -  -  1307 
-703-61-5 

/.  3-875  M^^  +  1-0645  if  ,^  -  -  1264-0  (A) 

Again,  for  the  two  inner  bays,  top  rear  spar,  we  have 
(J/,^  4-  35)  1  0645  X   1-795  X    10*  -h  2  if,^  X   -8775 
X  1-795  X  lO-»  4-  706  X  -9954  X  1-795  X  lO"*  -f  M^^ 
X  1-0555  X  1-58  X  lO"*  4-  2  if,^  X    8945  v  I  S8  x  10-« 
4-  520  X  -996  X  1-58  X  lO"*  =  O. 

Dividing  through  by  1-58  X  10"*  we  have 

1-21  M^^  4-  42-3  4-  1993  if,^  4- 1-0665  Jf,^  4-  1789  M^ 
=  -797-518 

.-.  1-21  if,^4-  4-836  M^^=  -  1357-3        .         .         ,       {B) 
Dividing  (A)  by  3*205, 

1-21  M^^  4-  0-3325  M^^  =  -  395- 
1-21  M^  4-   4-836  M^^  =  -  1357-3 

4-5035  if ,j^  =  -    962-3 

if,^  =  -  214  lbs.  ft. 


F^n,  iA\    M         -  1264  4-  228 
From  (A)  M^^  =  —37575 

=  -267  lbs.  ft. 

nro  _  OKI 

R^  =  398  4-  405  4-  ^^^^irr^  =  873  lbs. 

0-0 

232  —  214 
/?,  =  405  4-  333-  70  4-  -    ^  o«      =  672 Iba. 

/?j  -  333  ^  260-4  =  589  Iba. 

milba. 
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Note  that  these  correcte<l  reactions  are  practically  the  same 
as  thoee  preliminary  oHtiniated  :  hence  the  diagram  of  struts 
and  wires  (Fig.  24)  requires  no  modification. 

BENDING-MOMENTS  IN  BAYS 

Using  the  quantities  from  Table  4  and  applying  the  formulae 
(2,  3,  4,  5a,  56  in  Appendix)  to  find  the  bending-moments  at 
various  points  in  the  different  bays,  wo  have — 

OuUr  6ay — 

11550 
^mid  =  g^f^  (-  460  X  1066  -f  569) 

11550 


8615 


X  78  =  104-5  lbs.  ft.  From  (2) 


^max  =   104-5  -f  16-66  =  12115  lbs.  ft.  From  (3) 

«         =  ^'^"  +  147^x5-5=  2.754--476  =  3-226  ft. 

From  (4) 
c,        =  2-75  +  .9  X  -476  -  1  2  Jj—-        From  (5a) 

=   2-75+  -429-1-086 
=  2093  ft. 

c,         =  2-75  -f  -429  -h  1-086  From  (56) 

=  4-265  ft. 

IfUermediate  bay    (using  same  formulae) — 

19350 
M^u  =  J3j^  (-  223  X  10839  +  360) 


M. 


19350       ,_ 
13104  X  ^'^ 

=  174  lbs.  ft. 

174      -f  -0575 

=  174  lbs.  ft. 
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2152  ft. 


c,         =  2125  4-  0  X  -027  -  1-2    /iZL 
=  2-125  4-  -024-  l^fl.")       0-884  ft. 

e^         rr-.   2125  +  024  +  1205  -  3-414  ft. 
Siiiiiliirlv  f»>r  (V'iitrt»  Bjiv. 
Cenire  liny — 

J/.«   =  lf^='^L^^(-214  X  10722  +  265) 


X  36  =  50  lbs.  ft. 


15821 

"5(7 


^  =2-«->-2",30 


==  20 --745  =  1-255  ft. 


=  2-0-f  745  =2-745  ft. 


The  diagram  of  bending-monicnta  may  now  be  plotted 
from  ^ho  calculated  figures,  and  thia  baa  been  dime  in  Fig.  27, 
where  it  will  be  noticed  that  the  offset  bending-momenta  have 
also  been  inserted  at  the  ix)inta  of  support,  and  since  the 
ounrea  are  of  regular  form  the  diagram  constitutes  a  sort  of 
check  on  the  previouH  work. 

The  overhang  Ix'nding-moment  diagram  in  Rimply  trans- 
ferreil  from  the  load  curve  (Fig.  10)  by  altering  the  scale  aa 
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iKKx^HHary.  The  points  whero  spindling  begins  aro  olesriy 
hho\ni  ill  laoh  bay  on  ike  diagnun,  and  it  is  usual  to  estimate 
the  Mtn^aiiicii  at  time  points  as  well  as  on  ettber  side  of  eaob 
Hup]>ort,   wbere  a  6-16thin.   veiiioal  boh  passes  thiougb 

tho  spar. 


Table  of 


in  Top 


Table  5  is  a  tabulation  of  tho  end  loads  and  the  bending- 
moments  at  tho  various  well-defined  points  along  the  qiar, 
w  Iiii  li  fK>ints  are  chosen  suoh  that  if  tho  faoton  of  safety  are 
iii-ta.  tory  there,  then  in  general  tho  whole  spar  will  be  up 
to  strength.  It  should  be  noted  that  tho  end  loads  given  in 
Table  6  are  exact  end  loads  at  tho  particular  points,  and  are 
not  the  mean  loads  shoM-n  in  Fig.  24. 

The  least  ^tor  obtained  is  just  over  five  at  tho  point  6, 
henoe  the  spar  is  up  to  strength. 

The  calculations  for  tho  solid  and  hollow  sections  of  the 
top  rear  Hpar  are  tabulated  under  Fig.  26,  the  method  being 
exactly  tlio  same  as  was  used  for  the  front  spars. 


TABLE  6 
Top  Rbar  Spar.    Fivb  Tatms  Load.  aP.  at  -Sc. 


u^ 

A  in* 

*ln» 

I.  \i 

Find  Load 
Ite. 

■lajsr 

•fesr 

ToUl 

sss> 

3:\ 

a 

217 

1*90 

600 

3800 

3800 

1-46 

la 

S-97 

s-si 

706 

_ 

3630 

.. 

3880 

1-44 

16 

S-97 

2-21 

663 

2662 

3660 

660 

1-31 

6 

217 

1*90 

660 

2662 

3480 

1190 

4S70 

M8 

e 

2-17 

1-90 

Ul 

S2S8 

766 

1616 

SSSO 

«. 

d 

217 

1-90 

200 

S260 

1266 

1616 

2780 

.I— 

2d 

897 

2*21 

267 

3269 

1460 

630 

2280 

.. 

U 

397 

221 

2S2 

6369 

1S60 

1606 

.« 

0 

217 

190 

166 

6369 

1046 

2940 

8886 

1*88 

f 

2  17 

190 

174 

6369 

1100 

2940 

4040 

1-36 

9 

217 

1*90 

160 

6124 

960 

2820 

3770 

1-4S 

£ 

3-97 

2*21 

214 

6124 

1166 

1646 

8710 

.. 

3-97 

2*21 

214 

6079 

1166 

1630 

8686 

.. 

k 

217 

1-90 

160 

6079 

1010 

2800 

3810 

1*44 

J 

217 

1-90 

60 

6079 

380 

2800 

3120 

1 

""• 

74  AEROPL.VNE  STRUCTURAL  DESIGN 


Shear  Stress  Doe  to  Bending 

This  is  a  maximum  near  the  outer  support  in  the  overhang 
|Kirtion,  wheru  the  slofHS  of  the  bcndhig-monient  diagram  is 
a  maximum.     (See  Fig.  27.) 

The  shear  stress  on  a  hollow  section  is  given  by — 


where  F  and  /  are  shearing  force  and  moment  of  inertia 
respectively  at  the  point  in  question,  and  B^  6,  D  and  d  are 
breadths  and  depths. 

The  value  of  the  shearing  force  at  that  point  =  405  lbs., 
obtained  from  slope  of  curve. 


405  (/1-5        3-342-2-54*\       2-542) 
-  ^=307(1^^  8 )^'T\ 

405  /I -5  X  4-7               \  _  405  X  3011 
==  317  V  ^3^2"  +  '^^^) 307 

=  385  lbs.  per  square  inch,  wliich  is  quite  allowable. 

BOTTOM  REAR  SPAR 

Final  Estimation  o!  Stresses 

The  bottom  rear  spar  must  be  dealt  with  in  a  similar  way 
(i.e.,  the  final  fixing  moments  must  be  determined,  and  the 
final  reactions  found  and  compared  with  the  approximate 
ones).  From  Table  6  and  the  equations  immediately  following, 
the  final  reactions  are  estimated,  and  do  not  differ  appreciably 
from  the  approximate  reactions ;  hence,  Fig.  24  may  be 
treated  as  a  final  diagram  as  well  as  a  preliminary  one  ;  thus 
the  end  loads  undergo  no  alteration. 

The  calculations  arc  shown  in  Table  6. 
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h 


JJL 


Bpun  (ft.) 

S|uin  (iu>t. ) 
/   (III'). 

I* 
iMul   /*  (Cuia|>. ) 


Kii.l 


TABLK  0 


5-A 

S-17 

11500 

877 
10673 
IS3-0 

030 

0-0750 

101518 

0-07115 

0-008915 

1705  X  I0^» 

-568        -SOS 
-125 

101975 

175 
286 
11-0 


^  \ 


4-05 

50-4 
3-17 

U250 

814 
13436 
IS6-5 

776 


0<>57l 
I0II4S 
0-9783 
0-999185 

1-50S  X  10-» 

-S8S  0 

-141 

1-01486 


S8S 

19*8 


Then,  applying  formula  1  in  Appendix— 
-5G8  X  10 152  X  1-705  X  10"* 

-f  2  If  ,^  X  -9712  X  1-705  x  10  * 
+  930  X     -9989  X  1-705  X  10"* 

+  2  if,^  X  -9783  X   1-502  X  10"* 
-f  770  X     -9992  X  1-502  X  lO"*  =  O 
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Dividing  through  by  1»602   X  lO"*  wo  obtain 
2-21  M^^  +  1-957  M^^  =  -  1066  -  776  +  055 
4167  if  ,j^  =  -1175 

M^^  =  -282  lbs.  ft. 

fiftQ 9fi9 

R^  =  334  +  338  +       -  ^ =  724  lbs. 

*  6'5 

282 
/^  =  338  4-  313  -  52  +  ^^  =  656  lbs. 

/?,  =  313-57  =  256  lbs. 

1636  lbs. 


BENDING-MOMENTS  IN  BAYS 

The  calculation  of  bcncling-moment  at  several  points 
the  spar  are  given  herewith. 
For  the  B.M.  diagram  we  have — 

Outer  bay — 


^-^      =  l0673  (-  ^^^  ^  ^'^^^^^  +  ^^^> 


11550 
10673 
11550 
10673 


X  42  =  45-5  lbs.  ft.      From  (2) 


J^rn^     =  45-5  +  11  =  56-5  lbs.  ft.       From  (3) 

^M        ■  mm 

«  =2.^^+123^5=  2-^^ +  -^22 

-=   3172  ft.         From  (4) 

c,  =  2-76 +.9  X  -422 -1-2  y^ 

=  2-76  +  -38  -  -813    =  2-317  ft.  From  (5a) 

c,  =  2-75  +  -38  -f  -813  =  3-943  ft. 
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Similjirly  for  Inner  Bay — 

hintr  fxttj  — 

if.« 

-73435  (-HI  X  1-01485 +  SW) 

-IJ!!!2x252            -267lb«.ft. 

2fi7   I-  12-8               s=  279-8  lb«.  ft. 

282 
2  476  +  TES-TTTTT^  =  2-475  +   45 

=  2-925  ft. 


-    2-475  4-  -9  X -45 -1-2 


/27F 
V  126- 


=   2-475+  405- 1*785=  1095  ft. 


I 


f 


H}^ 


H 


n/ 


i  4  4  9  to        ^a  M  « ^T 

FiQ.  28. — ^Bbndino-Momxnt  Diagram  for  Bottom  RBAm 
Spar  O.P.  at  -5  or  tiib  Chord.  5  Toobb  Load 


Fig.  28  shows  tho  bending-moment  diagram  ooiutructcd 
from  tlio  particulArH  junt  (loU*m)iticd  for  the  bottom  rear  spar, 
and  the  ix>int«  a,  6,  rf,  f,  etc.,  nhow  the  extent  of  the  tolid 
portions.  The  stresses  due  to  combined  end  load  and  bending- 
moment  are  set  forth  in  Table  7,  where  the  seotion  is  aaai 
to  be  identical  Mith  that  of  the  top  rear  spar. 
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TABLE   7 
BonoM  Rbab  Btar.    Fivs  Times  Load,  C.P.  at  '6^. 


Scctioa. 

A\aJ 

«iB.> 

BJC 

ii».n. 

KadLiMd. 
Ite. 

B.IC. 

B.L. 

TMal 

BtlCM. 

F/9  on 

5500 

lbs./iiq.  In. 

a 

217 

1-90 

490 

3100 

3100 

1-77 

\a 

8-»7 

2*21 

668 

__ 

8090 

«_ 

3090 

__ 

16 

8-97 

2-21 

668 

686 

3090 

160 

3240 

1-70 

6 

217 

1-90 

490 

686 

8100 

270 

3370 

1-63 

c 

217 

1-90 

67 

1170 

360 

640 

900 

___ 

d 

217 

1-90 

226 

1170 

1426 

640 

1966 

_ 

2d 

8-97 

2-21 

282 

1170 

1630 

296 

1826 

__ 

U 

3-97 

2-21 

282 

308 

1630 

80 

1610 



• 

217 

190 

216 

308 

1360 

160 

1610 

_ 

J 

217 

1-90 

280 

1321 

1776 

610 

2386 



9 

217 

190 

60 

1321 

316 

610 

926 

— 

39 

3-97 

2-21 

"~~ 

1321 

""~ 

336 

336 

"~~ 

Shear  Stress  Due  to  Bending 

By  inspection  of  the  bending-momcnt  diagram,  it  will  be 
obeerved  that  at  no  pomt  is  the  slope  of  the  curve  as  great  as 
the  maximum  slox)e  in  the  overhang  on  the  top  rear  spar, 


^fK>frr. 


YiQ,  20. — ^Drao  Forces  in  Body  Struts,  C.P.  at 
•5  OF  Chord.    5  Times  I>oad 


which  means  that  the  shear  force  is  everywhere  less  in  the 
bottom  rear  spar  than  in  the  top  rear  spar,  and  since  the 
sections  are  identical,  it  follows  that  the  shear  stress  at  any 
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{Miint  in  tho  bottom  spar  in  lew  than  380  lbs.  per  ■quare  inch, 
unci  iM  therefore  quite  allowable  without  f urtiier  oaloulation. 

Drag  Forces  on  Top  Plane 

The  restiHaat  drag  force  on  tho  boUom  piano  in,  ci  eonne, 
taken  at  the  fuselage  direct,  but  the  resultant  drag  foiee 
combincHl  with  the  local  lifts  at  tho  body  stmt  joinU  are  taken 
on  the  body  stmts  and  side  bracing,  as  wiU  be  seen  from 
Fii:.  29.  the  resultant  drag  force  being  obtained  from  Fig.  24. 


CHAPTER  V 
DOWN  LOAD     CASE  3 

As  aeroplane  in  flight  may  sometimes  he  subjected  to  down- 
wiird  loadmg  on  the  wing  structure,  and  the  circumstances 
under  which  such  a  condition  of  loa<Ung  may  exist  are — 

1.  Possible  downward  gusts  on  the  wings,  or  when  looping. 

2.  lU^vcrsal  of  loading  in  a  steep  do>viiward  flight. 

It  is  estimated  that  under  the  worst  conditions  of  down 
loading,  not  more  than  about  three  times  load  is  ever  possible, 
hence  the  factor  adopted  is  three  times  normal  load  with  the 


FtH>N^  VUfSi 


i 

M 

FiQ.  30. — Force  Diagram  for  Front  Truss.    3  Times 
Down  Load 

C.P.  assumed  at  about  '3  of  the  chord.  It  is  very  probable 
that  in  a  vertical  dive  the  C.P.  is  behind  the  rear  spar,  and 
the  angle  of  incidence  is  small,  which  means  that  a  down 
load  on  the  front  truss  is  experienced,  and  an  up  load  on 
the  rear  truss.  The  amount  of  this  loading  is  dependent  upon 
the  tail  load,  and  the  distance  between  the  wing  spars.  For 
small  machines,  the  load  factor  is  about  3,  decreasing  for 
larger  machines  to  about  1-5  times  load. 

It  is  usual  to  neglect  the  rear  truss  altogether.  The  rear 
anti-hft,  or  landing  wires,  must,  however,  be  made  of  sufficient 
strength  to  i^ithstand  the  worse  case  of  landing,  but  these 
can  be  easily  estimated. 

The  work  in  this  case  may  be  shortened  considerably  by  a 


Plate  3 


Handley-Page  and  Austin  "  WmppBT  ** 


IlANDLEY-PACiE  AND  AUSTIN   "  WlIIPPI'Tr 


8.E.5  Single-seater  Aeroplane 
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comparison  with  omo  (1)  (•*.€.,  C.P.  fonrmrd  cam),  for  H  i« 
possible  to  approxinmte  very  closely  to  the  losdiiig  by  so  doii^ 

By  reference  to  Fig.  11,  and  by  intiltiplying  t^  losdi  there 
by  tho  ratio  of  the  load  factors  in  the  two  oases,  namely, 
thn?o-fifthii,  it  is  possible  to  determine  the  rsactiona  in  the 
down  load  case  without  troubling  to  draw  a  new  load  diagram. 

It  niuMt  be  remembered,  however,  that  the  bottom  spar 
in  now  in  compression,  and  the  top  spar  in  tension,  loads  due 
to  drag  being  omitted  because  their  effect  would  bo  to  reduce 
the  compression  in  the  bottom  front  spar.  Fig.  30  shows  the 
diagram  of  loads  in  the  front  truss  bracing  and  spars,  the 
reactions  having  been  obtained  by  comparison  with  case  (1). 

At  the  head  of  Table  8  are  given  the  particulars  usually 
obtaiined  from  the  load  curve,  which  in  this  case  have  been 
obtnincHl  by  comparison,  as  suggested  above,  and  these  are 
uHcd  in  the  determination  of  the  final  reactions  for  the  top 
front  spar.  These  final  reactions  are  found  to  be  very  little 
different  from  the  approximate  reacticms. 


TABLE  a 


Point  of  Support  I 

Longih  of  bay 

Ix>mllb«.      .        JOS' 
Loa<l  por  ft. 

^11*  ft.. 


6-5  fl 


€-15  tL 


480 
83*5 

310 


878 
89*0 

201 


2-0  fl. 
(Half  Spaa) 


189 


189 


M, --820 

If  g  -  -180 

if.-  -117 

Span  (ft.)    .      .      . 
Span  (ina.)        .      . 
/  in.*     .      .      .      . 

P. 

End  load  P  (tan.)  . 
P,^P       .     .     . 
•0  {\hm.  per  ft.) 

4 

8-6 

68 
4-77 
17400 

0 
17400 

88-8 

832 

4-25 

61 

4-77 

29200 

990 

80190 

89*0 

402 

4-0 

48 
4-77 
32900 

3120 

38020 

84^ 

838 

#-1-8  X  10* 

r 

0 

•0889 

*0948 

1-0.12^. 

1000 

99698 

•88882 

.  +  0.3ji. 

1000 

1-0108 

1-0308 

1000 

1000424 

1-001188 

1 

1-048  X  10-» 

0-78  X  10-» 

0-896  X  10-« 

(^+p)l  •  •  • 
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This  is  now  followed  by  the  determination  of  the  bending- 
moment«  at  the  various  supports  along  the  top  front  spar. 
The  equations  for  M^^  and  If,^  are  from  formula  (7)  in 
Appendix — 

-320  X  10  X  1045  X  10"*  -f  2Jf,^  X  10  X  1045X  10"* 
4-  632  X  10  X  1046  X  lO"*  +  Jf,^  X  -9969  X  -78  X  lO"* 
+  2if,^  X  10108  X  -78  X   10-*  +  402  X   10004  X   -78 
X  10-»  =  0. 
Dividing  through  by  -78  x  10"*  this  becomes 

-429  -f  2-68if,^  +  847  +  •9959ifjj^  -f  20216ifjj^ 
+  402  =  0. 

4-73f ,^  + -OOOif 3^  =  -  820  .  .        (A) 

If,^  X  -9959  X  -78  X  lO'*  -j-  2^/3^^  X  10108X-78  X  10"* 
4-  402  X  10004  X  -78  X  lO"*  -f  M^^  X  -9886  X -695  x  lO"* 
-f  2if,^X  10303  X-695  X  10"*  +  338  X  1001185  X  -695 
X  10-5  =  0, 
Dividing  through  by  -695  x  lO"*  this  reduces  to 

M18  if,^  +  2-27if3^  -f  451  +  -9886  M^^  X  20606  if,^ 
-h  338  =  0. 

1118  Jf,^  -f-  5-3192  M^^  =  -  789  .  .  .        (B) 

(A)  4- 4-2  1118  3f,^+    -237  Jf3^  =  -195 

M 18  if  2,  +5-3193/3.  =  -789- 


^         .V    w          -  820  +  116-5 
From  (A)  M,^  = ^ 

=  -  150  lbs.  ft. 


5082  M^^  =  -  594- 

ilf3^  =  -117lbs.  ft. 


The  corrected  reactions  are — 

R,  =  208  +  230  +  -  ^^Tg--  =  470  lbs. 

/?,  =  230  +  189-32  +  ^^^^~2Q        =  395  lbs. 
i?j  =   189+  169-8  =--  350  lbs. 

1215  lbs. 
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At  thiH  point  there  would  normally  bo  itiflertad  the 
iionii  neoetnary  for  the  eflUmaUon  of  the  bandiiig-iiUNiieiit  at 
various  pointa  along  the  spar,  but  by  faiapeotion  of  the  final 
iH^ndinginomenta  at  the  supporta,  and  by  oompariaon  with 
thoMe  found  in  oaae  ( 1 )  for  the  top  front  spar ;  and,  remembering 
that  the  end  load  in  this  oaae  is  tensional  as  agafnat  oom- 
pn*H8ion  in  cajte  ( 1 ).  it  will  be  reoognized  that  it  is  onneoeiiary 
to  draw  the  bending-moment  dia^fam  for  this  spar,  beeaoae 
the  Htreasaa  are  oertain  to  be  less  than  in  the  former 


Bottom  Front  Spar. 

Similarly  at  the  hviu\  of  Table  9  will  be  found  the  par- 
ticuIarH  obtained  by  ooniparifton  with  case  ( 1 ),  which  are  usually 
obtained  from  the  load  curve.  Then  foUowH  the  tabulation 
of  quantities  neoessary  for  the  finding  of  the  final  liending- 
moments  and  reactions  at  the  Hupports,  from  which  it  will 
bo  observed  that  they  differ  very  slightly  from  the  approximate 
figures  obtained  by  comparison. 


TABLE  9. 


Point  of  Support 

1 

t 

S 

Lengtli  of  buy 

6-6ft. 

1 

4-Mft. 

IXNid    Ihll.      . 

\amu\  |)or  ft. 

Urn.    ft 

s 

174 

SS4 

S9-8 

1 

S64 

73-5 

226 

Sjijui  (ft.)    .      . 

K|MUi   (iii*«.) 

/  in.*      .      .      . 

/', 

K««l  IomI  P  (romp. ) 

uf  \\m.   |M<r 


/• 


1-0.38  £. 
70/*^ 


J#,-~268    if,- -182     If. -0 

ft.ft  4-05 

M  59-4 

ITT  4-77 

174«M»  21500         «-*l*6xl0« 

'.•1M>  2470 

K.4I0  19030 

••.l»s  73-5 


:.3o 


1  olli 


1I99IS7 


452 

1148 

I  o.»J<HJ 

•  ».•►!;  I 
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TABLE  9  (eontinued) 


(7»;-p)/  • 

Af|i        All. 

|(lf.  +  AfJ 

1+26^  . 


M08X  10^» 

-268    -182 
-225 

10148 

270 

86 

1-745 


1-061  X  ia-» 

-182        0 
-91 

10299 

231 
182 
9-16 


Tho  equation  for  Jf,^  is,  from  (1)  in  Appendix — 

-268  X  10114  X  1108  X  lO'^  -|-  2  M^^  X  •9784x1108 
X  10-»  +  630  X  -9992  X  1108  X  10-«  +  2  if ^^  X  -9664 
X  1061  X  10-6  =  O. 

/.  2045  if  2^  +  1-9128  M^^  =  +  283  -  554  -  451 
3-9578if  ,j.  =  -  722 

Mi^=  -182  lbs.  ft. 


The  corrected  reactions  are — 

268 


iJi  =   174  +  192  + 


182 


5-5 


182 
192  4- 182 -16 +  4:55 


R^  =  182-37 


=  382  lbs. 

=  395  lbs. 

=   145  lbs. 

922  lbs. 


We  must  in  this  case  perform  the  calculations  required  in 
the  estimation  of  the  bending-moment  at  several  points  along 
the  spar,  and  completely  draw  a  bending-moment  diagram  ; 
for  it  will  be  remembered  that  since  no  bending-moment 
diagram  was  constructed  for  this  spar  in  case  (1),  it  is  not 
possible  to  make  a  comparison  as  was  done  for  the  top  front 
spar  down  load  case. 
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Bendiug-Homflnti  in  Bays 

Oilier  iiay— 

17400  , 
M^    =  jjjjjj  (-  225  X  1-0148  -f  270) 

""  16410  ^ 
=  44»5lbii.ft. 

if^  -  440  4-  1-745  =  45lbii,  ft. 


2-75  -f      9  X  -224  -  I 


.2  /112 

V  01>-8 


=   2-75  -  202  -   •065a  1.987  ft. 
c,         =*  2«75  +  202  -h  .965=  8917  ft. 

Inner  Bay — 

21500 


19030 
21500 


X  137-3 


19030 

=  155  ib6.  ft; 

M^   =    165  +  915  ==    164  lbs.  ft. 

a         =  2475  +  ~^\,^^  ==   2475  +  -5  =  2975  a. 

r,         =  2.475+.9X-5-1.2    /i|L 

=   2475  +  45-  179=    1135  ft. 

Tlie  valucM  of  the  Ix^nding-moment  at  various  iiiteniKHliale 
])oiiit.K  are  now  determined  so  that  the  lx.|uling-nioin<«nt 
diA^n*An)  which  is  shown  in  Fig.  31  may  bo  drawn. 

It  will  be  obfierveii  that  no  offset  B.M.8  have  been  indudcHi 
in  this  case,  since  the  anti-lift  wires  are  aMumed  not  to  be 
offset  at  the  points  of  support. 

The  points  a,  6,  d,  e,  etc.,  are  the  points  where  spindling 
begins  at  3  in.  on  either  side  each  support,  and  the  stranet 
are  shown  in  Table  10,  as  has  been  done  in  the  two  preTioos 
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cases,  from  which  it  will  be  seen  that  the  spar  is  easily  up  to 
strength  for  this  particular  case. 
The  maximum  slope  of  the  bending  moment  diagram  is  less 
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Fig.  31. — Bendinu-Moment  Diagiiam  for  Bottom 
Front  Spar.    3  Times  Down  Load 


/«  FT 


than  that  in  C.P.  forward,  hence  the  shear  stress  is  obviously 
satisfactorily  smaU,  and  needs  no  furtlwr  invostigation. 

TABLE   10 
Bottom  Front  Spar  3  timbs  Down  Load 


B.M. 
Ibe.  ft. 

End 

B.M. 

E.L. 

Total 

F/8on 

Section. 

Am,* 

Z  in* 

Load. 

Stress. 

Stress. 

Stress. 

6500. 

lbs. 

Ib8./in.« 

Ib8./in.« 

lbB./in.* 

Ib8./in.» 

a 

23 

232 

230 

_ 

1190 

1190 

\a 

4-8 

317 

2«8 

_ 

1016 

__ 

1016 

— . 

16 

4-8 

3-17 

268 

990 

1016 

206 

1220 

_« 

6 

2-3 

2-32 

230 

990 

1190 

430 

1620 

3*38 

c 

2-3 

232 

4ft 

990 

230 

430 

660 

d 

2-3 

2-32 

160 

990 

776 

430 

1206 

»_ 

2d 

4-8 

3-17 

182 

990 

690 

206 

896 

___ 

2e 

4-8 

317 

182 

2470 

690 

616 

1205 

__ 

'  « 

23 

2-32 

140 

2470 

725 

1070 

1795 

306 

7 

2-3 

2-32 

164 

2470 

860 

1070 

1920 

2-86 
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LoadB  in  Body  ttniii 

Tbo  loads  in  tbo  miuu  aiiU-UIt  wiru,  and  tbo  down  UnuI 
roaotkm  at  that  joint,  are  taken  by  tlio  body  fltrutii  and  IIks 
idu  bracing  between  them. 

Fig.  32  indioaUM  the  forces  in  iliv  tnniiljerv  ounccmod  duo 
U)  these  loadings. 


*^7»Kt7'  1790 


Fia.  32.— Drag  Forcbs  in  Body  Btbots.   8  Tiiun 
Down  Load 


True 

The  true  loads  in  the  outer  and  inner  anti-lift  wires  and  also 
in  the  interplane  struts  are  obtained  approximately  by  multi- 
plying  the  apparent  forces  in  those  members  as  showu  in 
Fig.  30,  by  a  factor  of  1*1,  whi^h  allows  for  the  inclination 
to  the  vertical.    True  loads  are  given  in  Table  11. 


CHAI>TER  VI 

LXFT  WIRES 

There  are  two  methods  of  duplicating  lift   wires,   viz. — 
directly  and  indirectly. 

Direct  Duplication 

This  is  carried  out  by  using  two  separate  wires  in  place  of 
a  single  wire,  each  wire  being  of  sufficient  strength  to  carry 
the  required  load.  In  the  event  of  one  of  these  wires  breaking, 
the  remaining  one  enables  the  machine  to  fly  to  a  suitable 
landing  ground. 

Hence,  as  the  true  loads  in  the  front  outer  and  main  lift 
wires  at  five  times  load,  when  the  C.P.  is  at  -3  of  the  chord, 
are  2490  lbs.  and  3960  lbs.  respectively,  the  sizes  of  wires 
would  be — 

Front  outer  lift    =  2  -  J  BSF  wires  (3450  lbs.) 
Front  main  lift    =  2  -  9-32  in.  BSF  wires  (4650  lbs.) 

The  corresponding  loads  in  the  rear  outer  and  main  lift 
wires  at  five  times  load  when  the  C.P.  is  at  -5  of  the  chord 
are  2720  lbs.  and  4290  lbs.  respectively,  so  that  the  same  size 
wires  could  be  used  as  for  front  truss.  The  incidence  wires 
would  be  used  mainly  for  erection  purposes,  and  would  not 
have  to  take  such  heavy  loads  as  in  indirect  duplication. 

Indirect  Duplication 

This  is  probably  the  better  method  and  is  accomplished  by 
using  a  double  lift  wire  as  before,  but  possibly  of  smaller  size, 
while  the  incidence  wire  is  designed  such  that  it  can  transfer 
loads  from  the  front  truss  to  the  rear  truss,  or  vice  versa,  in 
the  case  of  a  lift  wire  failing  completely. 

It  is  usual  to  make  each  of  the  twin  lift  wires  strong  enough 
to  take  two-thirds  of  the  load  normally  taken  by  the  single 
non-duplicate  wire. 

For  example,  the  true  maximum  loads  taken  by  the  front 
outer  and  main  lift  wires  are  2490  lbs.  and  3960  lbs.  resjKJctively 
at  five  times  load  when  the  C.P.  is  at  *3  of  the  chord. 
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Fur  thin  method  of  dupUoation  two  Mpar»te  wiros  must 
U-  iiiHrrUnl  in  the  outer  bay,  each  capable  of  taldng  two-thinU 
of  241N)  IIm.,  viz.,  1600  Iba.,  and  the  main  lift  wire  rrpUcod  by 
two  win*M  i*ach  capable  of  taking  two-thiitlH  of  3(HH)  Iba.,  viz., 
2(V40lh8.  Hence  the  wirea  to  be  used  to  correiipond  with 
thetie  loadM 


Front  outer  lift   «  2  -  2  BA  wires  (1900  IIm.) 
Front  main  lift    »  2  -  {  in.  BSF  wirea  (3t.M  I'm.) 

Similarly  the  maximum  true  loa<iii  taken  by  the  rear  outer 
and  main  lift  win»A  at  five  times  load,  when  the  C.P.  is  at  -5 
of  tlie  chonl,  are  2720  lbs.  and  4290  lbs.  respectively.  Taking 
two-thirds  of  these  loads  (t.e.,  1810  lbs.  and  2800  Ibn.),  tlie  same 
sizes  of  wires  can  be  used  as  for  the  front  truss,  namely — 

Rear  outer  lift     »  2- 2  BA  wires 
Rear  main  lift    »  2  -  i  BSF  wires 

When  the  front  outer  lift  wire  fails  completely,  the  tme 
load  in  the  forward  incidence  wire  is  1430  lbs.  (F^.  33),  and 
it  must,  therefore,  be  2  BA  (1900  lbs.). 

In  the  case  of  the  rear  outer  lift  wire  failing  completely,  the 
true  load  in  the  backward  incidence  wire  is  1123  lbs  (Fig.  34), 
m  that  the  wire  required  is  2  BA  (1900  lbs.). 

When  loads  are  transferred  flt>m  one  truss  to  another  in  this 
way,  increased  loads  may  be  imposed  on  certain  ni<i»lM>rs, 
as  explained  in  the  wires  brokcn^case. 

CASE  4 
Wires  Broken  Case.    3*5  Times  Load 

It  is  rtistuinarv  nowadays  to  design  the  wing  structure  of 
an  aeroplane  s.»  that  in  case  a  lift  wire  breaks  the  structure 
still  has  a  fatter  of  sjifety,  which  will  enable  it,  at  least,  to 
maintain  stca^iy  tlJL'ht  for  the  time  being,  in  order  that  a  safe 
landing  may  \h*  assunMl  at  the  earliest  opportunity.  The 
factor  usually  demanded  is  about  two-thirds  of  that  allowed  in 
normal  flight  (i.e.,  two-thirds  of  5,  or  say  3|  times  load),  and 
this  is  the  factor  to  be  adopted  in  the  following  calculations. 

In  the  ordinary  cases  of  flying  already  considered,  when  the 
lift  wires  were  unbroken  notliing  was  discussed  as  to  the 
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posaible  function  of  tho  incidence  bracing,  for  it  was  dif!icult 
to  estimate  to  what  extent  these  incidonco  wires  could  take 
load.  In  this  case,  however,  where  either  the  front  or  the 
rear  lift  wire  is  broken,  it  will  be  clear  that  if  the  structure  is 
to  \*ith8tand  the  fl)ang  loads,  then  the  incidence  bracing 
must  and  will  become  operative.  Any  flying  wire  may 
possibly  be  broken,  and  actually  each  case  ought  to  be 
considered  separately. 

Since,  however,  the  application  of  tho  principle  is  similar 
in  each  case,  it  is  only  proposed  to  indicate  the  procedure  in 
two  of  the  possible  cases. 


(a)  Front  Outer  Lift  Wire  Broken,  C.P.  at  '3  of  the  Chord 

When  the  front  outer  lift  wire  is  broken,  the  result  is  that 
none  of  the  load  at  the  top  and  bottom  front  outer  joints 
can  be  carried  by  the  front  main  lift  wire,  but  must  be  trans- 
ferred through  the  forward  incidence  wire  to  the  bottom  rear 
outer  strut  joint,  thence  along  the  rear  truss  in  the  ordinary 
way.  This  reduces  to  the  consideration  of  the  rear  truss,  with 
the  centre  of  pressure  forward,  together  with  an  added  load  at 
the  bottom  outer  strut  joint,  which  has  been  transferred  from 
the  front  truss,  the  factor  of  loading  being  3-5  times  load. 

A  hne  diagram  is  drawn  showing  the  rear  truss  at  the  top 
of  the  sheet,  and  the  front  truss  at  the  bottom,  with  plans  of 
the  top  and  bottom  wing  bracing,  as  shown  in  Fig.  33,  where 

3-5 
the  loads  indicated  in  the  front  and  rear  trusses  are  ^-77  =  -7 

times  those  from  Fig.  11  for  C.P.  forward. 

Referring  to  the  front  truss,  since  the  front  outer  lift  wire 
is  broken,  then  the  two  loads,  of  magnitude  447  lbs.  and 
541  lbs.  respectively,  are  transferred  from  the  front  truss  to 
the  bottom  outer  point  of  the  rear  truss  as  shown,  and  added 
to  the  load  216  lbs.  already  existent  there,  the  other  loads  all 
being  -7  times  those  obtained  previously  in  case  (1)  for  C.P. 
forward. 


Drag  Force  3 

Some  amount  of  care  mtist  be  exercised  in  the  estimation 
of  the  drag  forces  at  the  bottom  rear  outer  and  tlio  top  front 
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outer  joinU.  Conmder  the  top  outer  strut  joint  of  the  front 
truM  where  the  foroes  at  the  joint  are  :  rtwiiltont  lift  541  Iba., 
load  up  the  Htrut  447  Iba.  load  in  forward  inoidfliioe  wire,  and 
drag  force  on  wing,  theae  two  hitter  being  unknown. 

The  drag  force  on  the  wing  (there  being  no  immediate  ntc^i 
to  find  the  other  unknown  force)  ia  fom^  by  uaing  the  drag 
ooeffioienta  from  Fig.  14  ;  its  magnitude  ia — 

0  912  X  541  -f  (-912  -  -335)  447  =  493  +  258  =  761  lb«. 

from  front  to  rear. 

In  a  simihir  manner,  the  drag  force  at  the  bottom  rear  outer 
Ktrut  joint  in  detennine<i,  the  forces  at  that  joint  being : 
n'Hultant  lift,  load  in  incidence  wire,  load  in  strut,  drag  force 
on  win^. 

The  (Ira^  force  in  found  by  again  making  use  of  the  drag 
c(H»flicientH  from  Fig.  14 — 

^  -335  X  210  from  front  to  rear  »     72  lbs. 

and 

(541  -f  447)  (-912  -  -335)  from  rear  to  front  =  570  lbs. 

giving  a  drag  force  at  that  point  of  498  lbs. 

acting'  from  ivar  to  front. 

'Vhv  drag  foncs  at  the  other  points  present  no  real  difficulty, 
and  are  not  fully  worked  out  here,  but  a  reference  to  Fig.  33 
will  show  how  they  have  been  obtained. 

It  will  be  noticed  that  the  resultant  drag  on  the  top  wing 
amounts  to  only  50  lbs.  from  rear  to  front,  to  be  taken  on  the 
side  bracing  and  rear  body  struts,  but  this  is  so  small  compared 
with  the  resultant  drags  obtained  in  the  cases  already  con- 
siden^l,  that  it  is  quite  unnecessary  to  find  the  loads  in  those 
nu'in)>er8  for  this  case. 


End  Loads  in  Span 

Having  obtained  all  the  drag  forces  at  the  several  joints,  top 
and  bottom  wings,  the  loads  in  the  drag  bracing  and  the 
end  loads  in  the  spars  arc  calculated,  or  obtained  graphically. 
The  mean  end  loa<l  in  each  bay  due  to  drag  is  added  to  that 
in  the  same  bay  due  to  lift,  as  shown  in  Fig.  33. 

To  estimate  the  load  in  the  incidence  wire,  which  transfers 
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33. — Force  I>i.\«iKAM,  Kuont  Outkh  Lift  VVniE  BivOKEn, 
C.P.  AT  -3  OF  THE  Chord.    3-5  Times  Load 
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the  load  from  top  fnmt  to  bottom  rear,  the  ooaAoiaiil  from 
l'*ig.  14  muKt  Ijo  umhI  ;   i.e.,  load  in  incidence  wire 

0H8  X  1*445=3  1430  Ibd. 

it  will  furtliermore  bo  obflorved  that  tlu*  <*tHi  loadu  in  the 
span  arc  alK>ut  tho  same,  or  rather  leas  tlmn  those  for  the 
n*ar  truM8  (CP.  at  '5,  ca«e  2),  and  fiinoe  tho  bending  strewiefi 
are  approximaU^ly  -7  of  thoao  in  that  same  caae,  then  the  rear 
Rpara  are  obviouMly  up  to  strength,  and  need  not  oonoem  ua 
further  for  this  case  of  front  outer  lift  wire  broken.  A  few 
nieinberH,  however,  have  sustained  heavier  loads,  namely,  the 
l(>a<l  in  the  rear  outer  strut  and  a  few  compression  n\m  ; 
conaeqocntly,  these  are  prolmbly  tlio  loads  which  determine 
the  abe  of  these  members. 


(b).    R6«r  Outer  lift  Wire  Broken,  CP.  at  *5  of  the  Chord 

Tn  thiA  case,  since  the  rear  outer  lift  is  incapable  of  trans 
f<  (»  load  from  the  outer  strut  joints,  this  load  must  be 

ti..  .  :  ..id  from  rear  to  front  by  means  of  the  backward  inci> 
thnce  wire.  The  factor  to  be  adopted  again  is  3-5  times  load, 
Uvnvv  a  diagram  of  loads  must  bo  made,  the  loads  being  *7  of 
thosi*  for  case  (2)  CP.  rear,  and  thus  this  case  reduces  to  a 
couHideration  of  the  front  truss,  CP.  rear,  with  additional 
load  transferred  from  the  rear.  Fig.  34  shows  this  diagram 
with  the  loads  inserted  thereon. 


Drag  Foroei 

Just  as  in  tho  case  of  front  outer  lift  wire  broken,  some 
amount  of  caro  must  )>e  exercised  in  the  estimation  of  the 
drag  forces,  particularly  at  the  bottom  front  outer  and  the 
top  rear  outer  joints,  where  the  load  in  the  incidence  wire 
affects  the  drags,  otherwise  the  work  is  very  similar  to  that 
in  case  (a)  just  considered. 

Here,  again,  the  end  loads  are  not  greatly  different  from 
those  obtained  for  tho  front  truss,  CP.  at  -3  times  chord,  and 
since  tho  bending  stresses  are  approximately  '7  of  these  obtained 
in  that  casc%  then  the  spars  are  obviously  up  t4)  strength. 
The  front  outer  strut  antl  lift  wire  siisUin  somewhat 
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Fig.  34. — Force  Diagram.  Rear  Outer  Lift  Wire  Broken, 
C.P.  AT  -5  OF  THE  Chord.   3-5  Times  Load 
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loads,  and  theae  are  the  loada  which  affect  the  deaign  of  theao 
meinborB. 

It  will  be  noticed  in  Fig.  34  that  tlie  nniultant  drag  load  oo 
the  top  wing  ia  1213  \ha.,  and  thia  ia  to  be  taken  on  the  front 
body  strut  and  the  forward  bracing  wire.  The  force  diagram 
i.H  shown  in  Fig.  35. 


*io.  35. — Drag   Porcbb  in  Body  Struts,  Rbar  Oittbb 
Lift  Wiiik  niu)KRS  ;    C.P.  at  -5  of  tiik  Chord 

3-5   TiMKH    I»AU 


(c)  General  Condition 

By  taking  tho  drag  and  lift  loads  from  either  Fig.  33  or 
Fig.  34  and  applying  them  directly  to  the  body  stmts  and 
Hitle  bracing,  we  have  a^sHuiniHl  that  the  same  wire  is  broken 
on  each  side  of  tho  machine.  As  this  possibility  is  somewhat 
riMnote,  the  correct  procedure  would  be  to  make  a  diagram 
of  the  centre  section  including  the  body  struts  and  wirea  and 
apply  the  loads  which  woidd  most  likely  occur.  Thus,  suppoae 
an  in  case  (a)  the  front  outer  lift  wire  is  broken  on  the  poii  akie 
of  tho  machine  while  tho  wires  on  the  starboard  side  are  all 
ititact.  The  end  loads  in  tho  top  spars  at  tho  body  strut 
joints  and  tho  load  in  the  drag  wire  are  obtained  immediately 
from  Fig.  33  for  the  port  tude  ;  for  the  starboard  aide  the 
eom»^ponding  loadn  will  obviously  ho  -7  of  those  ahown  in 
Fig.  11.  The  resultant  end  loads  in  the  front  and  near  spars 
will  not  be  quite  equal,  but  nhould  iNilanee  out  with  the  end 
loacLs  in  the  bottom  H|)ars.     It  in  thus  mvu  that  all  the 
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meml)cr8  will  carry  loads,*  the  moat  important  of  which  are 
the  body  struts  with  their  cross  bracing  and  the  centre  section 
internal  cross  bracing. 

The  approximate  loads,  may,  however,  be  obtained  quickly. 
The  resultant  spar  end  loads  (i.e.,  including  the  component 
drag  wire  loa<l  along  the  direction  of  the  spar)  Ixjing  about 
5,000  lbs.  it  would  suffice  to  make  both  the  int<Tnal  bracing 
and  cross  bracing  single  J  in.  B.S.F.  wires,  as  tliey  would  have 
to  carry  about  3,000  lbs.  each.  It  is  also  fairly  clear  that  the 
maximum  body  strut  load  will  hb  of  the  order  of  2,000  lbs. 
for  which  load  these  members  are  designed.  In  the  example 
we  have  just  considered,  there  is  body  strut  bracing  in  both 
front  and  rear  bays.  Should,  however,  only  one  bay  be  braced, 
it  may  be  necessary  to  duplicate  the  internal  bracing.  In  any 
case  the  fuselage  bulkhead  bracing  at  the  body  strut  attach- 
ments should  not  be  overlooked,  as  the  loads  on  the  top 
and  bottom  wings  must,  in  general,  balance  out  through  these 
wires. 

Similarly  if  case  (6)  were  considered,  the  loads  being  obtained 
from  Figs.  14  and  34  it  would  be  found  that  approximately 
the  same  loads  would  be  obtained  in  the  several  members. 


Having  now  completed  the  several  cases,  namely — 
C.P.  forward,  5  times  load 
C.P.  back         5     „ 
C.P.  forward,  3  times  down  load 

and  the  two  wires  broken  cases,  it  is  well  to  draw  up  a  table 
and  a  diagram  in  conjunction  with  it,  indicating  the  true  loads 
in  all  the  struts  and  wires  of  the  wing  structure. 

The  true  loads  may  be  obtained  by  correcting  the  inclination 
of  the  struts  and  ^vires  to  the  vertical  by  utilizing. the  factors 
given  on  the  drag  coefficient  diagrams  for  the  particular  cases 
concerned. 

This  has  been  done  in  Table  11  and  the  accompanying 
diagram  where  the  loads  indicated  are  the  true  loads  in 
every  case. 

•  The  actual  load  in  each  member  can  be  obtained  by  the  application 
of  the  Principle  of  Least  Work.  This  subject  is  well  treated  in 
Aeroplane  Structures  by  Pippard  and  Pritchard.  (Longmans,  Oreen  & 
Co.) 
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TABLE    11 


Wlrr 

\*irr 

Mrni- 
her. 

1 

Slir  of  wlrr 

r^ 

brxtkrtl. 

tevkM 

Mm*. 

ur    (•lUliit 

cbutU. 

•  It 

(    IV«l    » 

C.F.  ttt  > 

ICMd. 

eiiuftir 

loMl. 

oJUj» 

i£i 

taU. 

/  >'' 

700 

610 

1410 

1410 

•   1  I'? 

^■^ 

800 

_ 

1SS6 



13S5 

1^1    2F 

S265 

1360 

~"* 

1790 

f88§ 

_ 

1480 

_ 

1790 

.9480 

___ 

4M 

-  110 

1010 

-  460 

575 

1910 
-460 

— 

-  IM 

-600 

•10 

4S5 

910 
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TABLE  U  (cowiiwincf) 


ber. 

**JS^'""  «t -8  of  the 

6  UnM» 

laicl,  C.P. 

at  -6  of  Um 

cbord. 

SUmes 
down 

WIro 

broken. 

C.P.  at  S 

Wlro 

broken. 

C.P.  at  -6 

of  the 

chord. 

Mnxl- 

IIIIMII 

lutul. 

/  4 

„__ 

269 

161 

761 

286 

761 

6 

_ 

384 

642 

-^ 

839 

179 

839 

i 

6 



269 

483 

— 

473 

188 

483 

8 

7 



1866 

807 

— 

53 

1213 

1355 

»<  8 



1326 

95 

1330 



1045 

1330 

a>  0 



213 

125 

— 

498 

717 

717 

1  >o 

— 

213 

531 

— 

348 

1002 

1002 

<5  11 

— 

533 

658 

— . 

292 

1091 

1091 

\12 

611 

1024 

— 

142 

1348 

1348 

ri3F 

2-2  B.A. 

-2390 

— 

— 

— 

-2490 

-2490 

13/; 

2-2  B.A. 

-2720 

— 

-2490 

~"~ 

-2720 

UjP 

2.iin.B.S.Fj  -3950 

— 

— 

— 

-2620 

-3960 

UJR 

2-iin.B.S.F 



-4290 

— 

-2630 

-4290 

^ 

16  F 

l-lin.B.S.F 



— 

— 

-3000 

-3000 

-3000 

•a 

15  i? 

l.iin,B.S.F 

__ 

— 

— 

-3000 

-3000 

-3000 

S 

16 

2  B.A, 

___ 

— 

— 

-1430 

— 

-1430 

W ' 

17 

2B.A. 

-1620 

-146 

— 



-1115 

-1620 

1 

18 

2B.A. 

— 

— 

.— 

-1123 

-1123 

19 

2B.A. 

__ 

— 

-1410 



— 

-1410 

20F 

2B.A. 

^_ 

— 

-1430 



— 

-1430 

20  R 

,  2B.A. 

___ 

— 



— 

— 

21  F   iin.B.8.F. 

_^ 

— 

-2430 



— 

-2430 

21  i?,  2B.A. 

— 

— 

— 

— 

— 

— 

22 

2  B.A. 

-  670 

-  951 

_ 

-1246 

— 

-1245 

23 

2  B.A. 

-  570 

-851 

_ 

-1246 

— 

-1245 

24 

2B.A. 



— 

— 

— 

1 

25 

2  B.A. 

_^ 



, 

__ 

»__ 

— 

26 

1-Jin.B.S.F 



— 

__ 

— 

-3000 

-3000 

27 

4  B.A. 

_^ 

_^ 

_ 

-  266 

-266 

28 

4  B.A. 



— 

__ 



-  266 

-  266 

^ 

29 

2  B.A. 

-1765 

-  400 



-  69 

-1580 

-1765 

A 

30 

2  B.A. 

-1765 

-  400 



-  69 

-1580 

-1765 

• 

31 

1-iin.B.S.F 



— 

__ 

-3000 

— 

-3000 

32 

2  B.A. 

-  469 

-  787 

__ 



-1485 

-1486 

(i 

33 

2B.A. 

-469 

-  787 





-1486 

-1486 

tfi 

34 

2B.A. 

-  860 

-1444 

__ 



-1900 

-1900 

? 

35 

2B.A. 

-  860 

-1444 

_ 



-1900 

-1900 

Q 

36 

4B.A. 



_ 

-  617 

*""" 

-  617 

37 

4  B.A. 

__ 





-  517 



-  617 

38 

4B.A. 

«_ 



_ 

-  198 

— 

-  198 

89 

4B.A. 

— 

— 

— 

-  198 

-   1 

-  198 

From  the  column  of  maximum  loads  in  the  above  table  the 
sizes  of  struts  and  wires  are  finally  determined. 

A  table  of  sizes  of  streamline  wires  in  general  use,  and  the 
conesponding  strengths,  is  given  in  Table  30. 


CHAPTKU   VII 

DESIGN  OF  STRUTS 

TiiK  ikiu^i  of  taponxl  Mtrutu  ban  ocoupicni  tbo  onorgic*  cif 
matheniAtioimnft  for  many  yean,  and  it  is  only  recently  that 
the  oorreot  mathematical  solution  haa  been  introduced,  and 
made  of  practical  use  to  aeropUne  designen  and  others. 
This  solution  is  due  to  the  exhaustive  work  of  Mewn.  Webb 
and  Barling,  who  read  a  paper  before  the  Royal  Aeronautioal 
Society  and  published  it  in  the  official  organ  of  that  Sooieiy 
in  October,  1918,  where  the  mathematical  solution  and  ite 
applications  to  design  may  )h«  foutul.  and  to  which  refermoe 
is  now  suggested. 

Generally,  external  struts  arc  of  streamline  bwumh,  ♦  itmr 
solid  or  hollow,  wood  or  metal.  However,  in  these  calculiitions 
it  is  asHuniod  that  solid  wooden  struts  arc  to  be  used,  and  the 
following  are  the  necessary  calculations  for  the  outer,  inner, 
and  body  struts  respectively. 

These  struts  are  designed  to  take  a  load  which  in  each  case 
is  slightly  greater  than  the  maximum  load  sIiomh  in  Table  11, 
tho  section  being  solid  streamline,  haWng  a  fineness  ratio  of 
3  to  1  (i.e.,  having  a  length  three  times  its  breaiith). 

For  a  streamline  section  of  fineness  ratio  3  to  1,  the  least 
moment  of  inertia  is  given  by  /  =  -13  <*  where  /  is  the  maxi- 
mum thickness,  while  the  area  of  the  section  is  given  by 
A  =  2.18/*  (see  Fig.  36).  The  material  used  is  spruce,  having 
tho  following  characteristics — 

Density  p  =  -018  lbs.  per  in*. 

Young*8  Modulus  J?  =  1.6  X  10«Ibs.  per  in*. 

Allowable  compressive  stress  /  =  5,500  lbs.  per  in*. 

Pin  jointed  ends  are  assumed,  and  the  lengths  quoted  are 
the  distances  between  i'        '  >  centres. 

For  meaning  of  symb<  t-nce  should  be  made  to  Fig.  37. 

The  advantage  of  using  tapered  struta  is  that  they  effect 
quite  a  considerable  saving  in  weight  for  a  given  straigth  aa 
compared  with  parallel  streamline  struts.    Some  dedigiMn« 
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for  the  convenience  of  nianufnctinx%  j)refer  to  taper  their 
struts  in  ways  not  quite  in  accordance  y^itli  that  recommended 
by  this  method. 


A'nC      I'W 


nN£N£SS   RMTIO 

■a 

h 

2S  ;/ 

I'tl 

toa 

yo    / 

2-t6 

no 

>5  :  / 

25^ 

152 

4<i  :  / 

290 

/75 

Fig.  36. — Standard  Strut  Section 


Fio.  37 


Outer  Interplane  Stmts 

Both  front  and  rear  struts  are  to  be  designed  for  a  load  of 
1450  lbs. 

Length  L  between  pin  centres  =  57  ins. 

.*.  <oi8  approximately  given  by — 


P    =  -gP.  = 


J? 

1450  X  67« 


8  X  7r«  X   1-6  X   10« 


0-37 


l)h;SI(;N  OK  STIUTTS  101 

'•  130        130 

/.  I.    =   1-30  in. 
•.  A    -^  218 1.«   -  3-68  m.« 

•\M-"wooir8^S-^-^^'« 

FVom  curve  (Fig.   38)  thia  gives  -5-   «  0*7M  inntMd  of 
approximate  value  ■-=  0-8. 
.-.  Correct  /,  =  0-387 

//        t^V.       2-98.    .-.  <.       l3-m. 


.-  =  V^0693  =  -263 


1-0 


Then  from  ourvo  (Fig.  30)  for 

^        =     0           l          5  -6         -7          8          fi 
we  liave — 

i        :=^      I         04        004  -866     :81        -732     -eO       -263 

and  iinoe  C  ~  1*3%  in.  and  I  =  28-5  in., 

tin,    -1-32      124      119      115      1-07      007     0-79     0-35 
a-in.   =     0        114    14  25      17  1    19-96     82*8   25-66     28-6 

which  gives  shape  of  strut. 

The  Weight  0!  Stmt 

p 
jjr  -^  -0693  .*.  weight  oodBcient  from  ourre  (Fig.  28)sO-90, 

so  thai  weight  of  stmt  -^  -768  X  -018  x  3-8  X  67  «  2-96  lbs. 
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Pig.  38 


^^ 

fm 

«■ 

^^ 

==r:r 

r::^ 

' 

"^ 

^ 

^ 

f 

Oi 

1 

\ 

i 

^     0^  M  O^  0^  0-4  Of  0^6  0-9  f^ 

Fio.  39 

Inner  Interplane  Struts 

Both  front  and  rear  struts  are  to  be  designed  for  a  load  of 
2500  lbs.     Length  L  between  pin  centres  =  57  ins. 

.*.  fo  is  approximately  given  by — 
•87r«  1-6  X  10«/o 


P    =   •8P,= 


L' 


DESIGN  OP  fiTRUTO 

.. /. 

~ 

2M0  X  »7« 

t^.Mmm 

8««X  l-«X  I0«"  ''■~' 

.-.  /.* 

= 

Ts    ' »' 

1. 

- 

1*40  in. 

A, 

= 

M8  X  1*40* 

-  4.88ln.« 

r 

2A00 

00041 

103 


}A.       6600x4-83 

P 
From  curve  (Fig.  38)p-iii  -771 

. .  Comot  /.  «  0-662  ln.« 

•662 
. .  1/  -  -r^  1  6-09  /.  /.  =-  1  50  in. 

•  13  - 

D  2600 

^•=*»*'^*7X.-MOOX4.92  =  «'^ 

. .  'y  =  V^^Oim  =  -304. 

Then  fn»in  rnr\'o  ^Fi«'    "^f*^    f"»- 

J-  s=      0  t  -8  -9         1-0 

we  have 

^=.      1        -95        -92        -87        -82        -74        -61        -304 

and  flinoa  l«  ->  1*60  and  I  ^  28*5  in., 

fin.    »1*60      1-43      1-38      131      1-23      111        -92       -46 
arin.   =^       0    11-4      14-2r>    171      19-25   22*8     26-66   28*6 

which  givcA  nhape  of  stmt. 

Weight  of  Strut 
Weight  ooeAeiaQt  from  oonre  (Fig.  38)  ia  -761. 
Weight  in  -761  x  -018  X  4-92  X  67  -  S-86  Iba. 
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Front  Body  Strut 

Strut  to  be  designed  for  a  load  of  2000  lbs.     Length  L 
between  pin  centres  =  30  ins. 

.*.  to  is  approximately  given  by — 

•87r«  X  1-6  X  10«/, 


p 

= 

.8P.= 

— 

L« 

.1. 

= 

2000 

X  30« 

= 

•1425 

•8»r«  X  1-6  X  10« 

.«.« 

= 

•1425 
•13 

1095  in. 

A, 

= 

2^18  X 

1075« 

= 

2-61  in.« 

P 

2000 

fAo  ~  6500  X  261  ~  "  ^^'^ 

P 
From  curve  (Fig.  38)  this  gives  p-  =  ^785  instead  of  •8. 

*  • 

.-.  Correct  I„  =    145 

•145 
. .  t,*  -  -T^  =  M15  .-.  t,  =  103  in. 

Ao  =  218  X  1032  =  2-31  in.2  and 

J?   _         2000  ^  . 

fA'o       5500  X  23 1  ^' 

/.    ^  =  \/l575  =  -397 

Then  from  curve  (Fig.  39),  for 


X 

0 

•4          -5 

•6 

we  have 

t 

to  ~~ 

1 

•95        -92 

•88 

and  since 

to  = 

103  and  1  = 

15  in., 

(in.    = 

103 

•98        -95 

•91 

10 


83        -75        ^64         397 

85        -77        -66        -41 
a:  in.   =     0      60        7   .        9 n      10-5      120      13-5      150 
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Wdcht  of  Strut 

Weight  coefficient  Irom  curve  (Fig.  S9)  b  -770 
/.   Weight  in    77  X   018  X  2-31  X  JO  »  006 lbs. 
Till-  nar  IxKly  Htrut  could  be  made  the  «une  siia. 

FORMS  OF  HOLLOW  8TBDT8 

If  in  the  design  of  htrut^  fur  largo  machinen  Upered  ■tit'mm- 
liiie  huUow  wooden  struts  be  used,  the  seotkm  oui  be  deter- 
mim^  by  n  method  described  in  the  stme  pi^per.     HoUow 


Pio.  40.— Two  FoRMfi  OF  Uoijuom  Smvr  Sarnoics 

wooden  struts  must  of  necessity  be  built  up  of  several  pieces. 
Fig.  40  shows  two  forms  of  section.  There  are  also  one  or  two 
patent  methods  of  constructing  built  up  struts. 

Tapered  metal  tubular  struts  are  rarely  Qsed«  because  of 
the  difficulty  of  manufacture,  but  otherwise  they  possess 
advantages  over  wooden  ones.  Parallel  streamline  tobnlar 
Htruta,  however,  are  often  used,  but  they  have  the  disadvantage 
of  being  heavy.  Circular  tubes  with  wooden  fairing  are  mneh 
lighter. 

Tn  estimating  the  stevngUi  of  streamUne  struts,  it  is  useful 
'  there  U  an  approxinrntoly  constant  ratio  between 

.^ ^  .iun  struta  and  streamline  "trutM  uhon*  Iho  material 

and  gauge  correspond. 

For  example,  a  streamline  tube  of  nneness  rauo  «» to  l  and 
whose  ndnor  diameter  is  if ,  has  the  same  compressive  strength 
as  a  circuUr  tube  of  diameter  1*5  if,  the  gauge  and  length 
being  the  same. 
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LATERAL  FAILURE  OF  SPARS 

Spars  tend  to  fail  laterally  (i.e.,  about  their  major  axes)  as 
struU^,  due  to  compressive  end  load.  In  the  case  of  a  single 
bay  of  drag  bracing  between  the  interplane  strut  attachments 
the  front  and  rear  spars  will  bend  independently,  except  for 
the  ribs,  tending  to  make  both  spars  deflect  the  same  amount. 
The  spars  are,  however,  stiffened  against  lateral  failure  if  there 
are  two  bays  of  drag  bracing  between  the  two  points  of  support, 
which  are  the  strut  attachments.  When  such  is  the  case,  the 
front  and  rear  spars  bend  together,  so  that  the  crippling  load 


^  3   --- '    C 


Fia.  41 


depends  on  the  sum  of  the  lateral  moments  of  inertia  of  the 

front  and  rear  spar  sections,  the  length  being  the  distance 

between  the  two  compression  rib  attachments.*  (See  Fig.  41.) 

The  crippling  load  of  such  a  bay  would,  therefore,  be — 

p    .  p       ^'W.+h) 

where  /,and  /,  are  the  least  moments  of  inertia  of  the  front 

and  rear  spars  respectively,  and  I  =  length  of  bay  in  inches. 
Undoubtedly,  the  effect  of  the  fabric  on  secondary  failure 

is  considerable  in  small  machines,  but  its  extent  is  difficult 

to  estimate. 

The  comparison  between  the  crippling  load,  as  above,  and 
^  This  has  been  shown  to  be  the  case  by  Messrs.  Booth  and  Bolas,  and  is 

treated  more  fully  in  Aeroplane  Structures,  by  Pippard    and    Pritchard. 

(Longmans,  Green  Sc  Ck>.) 
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IlANDLKY-PAiiK,    TYPK     V     loUO,     WITII     4-375     ll.P.     RoLL«- 

UOTCB    **  KaoLB  ••    BMOnOBB.      OlUCJISAIXY    Bl'ILT    roil    l»XO- 

DUTAXCB  BOMBnCCl 
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the  Hum  of  the  actual  end  loada  in  the  front  and  roar  apan  for 
any  one  potfition  of  the  centre  of  premure,  pepreamU  to  aome 
extent  the  factor  of  aafety.  Thin  factor  ia  at  leaat  1*0  on 
five  tiineH  hNul,  tm  will  t>e  8oen  from  the  following  oalouUtiona, 
although  a  factor  of  about  0*8  would  bo  allowable. 

Box  HimrH,  having  larger  lateral  momenta  of  inertia  than 
onlinary  I  aeotiona,  are  oonaequently  better  able  to  withatand 
thr  tendency  to  lateral  failure. 

Cue  L   Flying  with  5  Timet  Load,  C  J^.  at  3  of  the  Chord. 
Tap  Ouier  Bay. 

The  end  loada  in  the  spars  are  1440  Ibe.  and  1683  Iba.  for 
front  and  rear  respectively. 

For  latenil  failun\ 

v^  .           D        ir«  X  1-6  X  10*  X  '213         ,,^^,. 
Front  npar  P,^=s =P =  3120  lbs. 

^X  le  X  10*  X  -24        ^^^  ,. 
Kenr  simr  F^  =  ^1 =   3520  lbs. 

P.,  +  P^  ^  3120  -h  3520  ^ 
JP^-f-P,         1440  4-  1683 

Tap  Inter  Bay. 

The  end  loads  in  the  spars  are  5400  lbs.  and  2804  lbs.  for 
fntnt  and  rear  respectively. 

1.^  *            D            71*  X   1-6  X  10*  X  -213        ^,.^^,. 
Front  spar  P,^     = 2_ -| =  4140  lbs. 

_,                 _              nr*  X   1-6  X  10«  X  '24  .^o«,. 

Rear  spar  P«^       = —  , =  4680  lbs. 

P.,^  P.^  4140  4-4680 

P,  4-  P»  ■"  54004-2894  "     '^^ 

Tap  Centre  Bay. 

The  end  loads  in  the  spars  are  6176  lbs.  and  PJfiO  Ihs   fn.nt 

and  rear  respectively. 

i;^^  .     D    ir*  X  1*6  X  10*  X  '213    ,^^^  ,. 
Front  spar  P,^  =s ^ — ^li *"  ^^*^  '"*• 

^       _    ir«  X  1-6  X  10«  X  -24 

Rear  spar  P,^  =  — — --^ ^   6620  lbs. 

Pu±^  _  58804  6620  ^ 

Py4-P,     "~  61764-  1269 
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BoUom  Outer  Bay, 

The  end  loads  in  spars  are  -174  lbs.  and  52211)8.,  and 
therefore  the  spars  are  up  to  strength  by  insixxition. 

Botiotn  Inner  Bay. 

The  end  loads  in  the  spars  are  -  2660  lbs.  and  533  lbs.  front 
and  rear  respectively,  so  that  the  spars  are  strong  enough  by 
inspection. 

Case  2.    Flying  with  5  Times  Load,  C.P.  at  5  of  Chord. 

Top  Outer  Bay, 

The  end  loads  in  spars  are  392  lbs.  and  2935  lbs.  front  and 
rear  respectively. 

P,^  and  P^      =  3120  lbs.  and  3520  lbs.  front  and  rear 
respectively. 


P,,4-Pe»  3120 -f  3520 


=  20 


Pr  +  Pa  392  4-2935 

Top  Inter  Bay. 

The  end  loads  in  spars  are  1100  lbs.  and  6246  lbs.  front  and 
rear  respectively. 

Pe^  and  P,^     =  5220  lbs.  and  5900  lbs.  respectively. 


Pr,  +  Pr^  _  5220  +  5900 


=   1-510 


P,-\-P^  1100  +  6246 

Top  Centre  Bay. 

The  end  load  in  spars  are  1223  lbs.  and  6079  lbs.  front  and 
rear  respectively. 

P,^  and  P,^    =  5880  lbs.  and  6620  lbs.  respectively. 

PejTJ-  Per,         _  5880  +  6620  ^ 
Py  +  P^  1223  +  6079 

Bottom  Outer  Bay. 

The  end  loads  in  spars  are  -  292  lbs.  and  877  lbs.  front  and 
rear,  so  that  spars  are  all  right  by  inspection. 

Bottom  Inner  Bay. 

The  end  loads  in  spars  are  -  2438  lbs.  and  814  lbs.  front  and 
rear  respectively,  hence  spars  are  strong  enough  by  inspection. 


CHAITEH  VIII 

FUSELAGE 

TiiK  main  fuiMstion  o!  the  body  or  fuaolAge  is  to  proride 
accoinincMlatiun  for  cargo,  pilot,  paaMngen,  flying  iiuitni- 
mciitri  and,  a  n^liable  hc*aring  for  the  power  unit.  Thiii  alMo 
fomiM  a  meanri  of  conniH^tion  between  variouii  other  ooinpoMiit« 
on  tht*  aeroplane,  such  as  the  wingH  and  tail  unit. 

It  iri  one  of  thoae  abeolutt*ly  vital  coni|Nment^  in  wliich  the 
failure  of  any  one  member  would  bo  dangeroiui  11  not  absolutely 
fatal  to  the  whole  machine,  and  therefore  oalls  for  the  utmost 
eare  in  the  eetimatioii  of  the  streeses  in  erery  member. 

No  one  caee  of  loading  may  be  aMumed  to  be  mdBekmi, 
without  a  consideration  of  the  several  other  oases  which  are 
likely  to  a£fect  the  structure  to  any  extent. 

Of  the  several  forms  of  construction  in  general  um%  trn? 
fuselage  under  consideration  is  of  the  girder  type,  and  of 
rectangular  cross  section.  The  four  longeronK  and  all  the 
cross  struts  are  of  wood  ;  spruce  and  ash  being  the  two  kindit 
of  timber  used.  Generally  the  engine  bearers,  bottom  long- 
erons for  front  portion  of  fuselage,  and  several  of  the  cross 
struts  are  of  anh,  while  the  remainder  are  usually  of  spmoe. 
The  struts  divide  the  frame  into  bajrs  which  are  braced  by 
means  of  swaged  round  wires  and  by  which  adjustment  can 
be  made.  Cross  bracing  is  inserted  in  as  many  bays  as 
possible,  in  order  to  make  t)v  very  rigid. 

It  is  advisable  to  begin  i\u  us  by  drawing  up  a 

detailed  list  of  all  the  components  of  the  machine,  together 
with  the  weight  of  each.  This  li  * n  done  in  Tabfe  12. 
It  is  also  essential  to  know  th<  ii  of  the  centra  of 

gravity  of  the  whole  aeroplane,  and  fur  this  purpose  a  side 
elevation  is  drawn  (Fig.  42)  indicating  the  positions  of  the 
centre  of  gmvity  of  each  separate  component  of  the  machine. 

Experience  will  help  in  making  good  estimates  of  the 
positions  of  these  centres  of  gravity  (the  centre  of  gravity 
of  the  whole  machine,  of  course,  cannot  be  verified  until  the 
macliino  is  actually  constructed)  although  many  oomponenta, 
such  as  propeller,  petrol,  oil,  radiator,  cargo,  etc.,  etc.,  pieaeiit 
little  or  no  difficulty. 

Having  fixed  the  positions  of  the  oentres  of  gravity  of  the 

loe 
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TABLE   12 

List  or  Compoiohcts.  Wkiobt. 

Wingi  {mntk  332|  aq.fi.),   including  struts  and   wires,   wing 

struU  29  Ibe.,  and  wires  Ifi  lbs. 330  Ibe. 

Petnil  at  -6  pi.  per  B.H.P.  hour,  8|  hrs.  (say  40  galls,  tank, 

etc.,  40  lbs.) 330  „ 

Oil,  3}  galls.  +  tank  and  bearers  (06  pinU  per  B.H.P.  hour, 

S|  hours) 38  „ 

En^e,  150 H.P.  (French  ungeared  Hispano-Suiza)  dry.  440  „ 

Piping,  complete  for  water,  petrol,  oil,  etc.  .  24  „ 

Water  in  radiator,  tank,  pipes,  eta  7(>  .. 

Radiator  and  shutter  ........  TtO  ,, 

Engine  aooessories        ........  12  „ 

Landing  gear  (wheels,  40  lbs.).  Palmer  700  X  100  87  „ 

Propeller,  360;    Boss,  170 r)3  „ 

Frame  (front,  95  lbs.,  rear,  25  lbs.) 120  „ 

TaU  Plane  and  elevators  (40  sq.  ft.) 40  „ 

Rear  skid 0  „ 

Fins  (esq.  ft.) 7  „ 

Rudder  (9  sq.ft.) 7  „ 

Pilot  (complete  with  flying  kit) 170  „ 

Controls  in  body           ........  22  „ 

Fairing,  cowling  (front,  60  lbs.  ;    rear,  20  lbs.)  70  „ 

Flying  instruments  19  „ 

Seat,  upholstered,  etc.  15  „ 

Exhaust  pipes     .........  20  „ 

Cargo 400  „ 


Total  Weight 2330  lbs. 


Total  load,  2330  lbs. 
Wing  area,  332^  sq.  ft. 
Load  per  (foot)'  =  70 lbs. 

components,  the  position  of  the  centre  of  gravity  of  the  whole 
machine  is  found  by  taking  moments  about  two  datimi  lines, 
the  one  horizontal  and  the  other  vertical.  Tliis  has  l)een  done 
in  Table  13  and  Table  14  respectively,  where  the  distance 
scale  in  each  case  is  full  size,  the  ordinates  of  the  point  so  found 
being  74-6  in.  horizontally  and  60-3  in.  vertically.  This  point, 
when  obtained,  should  lie  as  near  as  possible  on  the  thrust 
hne  of  the  propeller,  and  approximately  at  about  -28  of  the 
mean  chord  of  the  wing  surface,  or  to  the  satisfaction  of 
the  designer. 

Thi3  loads  due  to  the  separate  components  must  now  be 
distributed  over  the  joints  of  the  fuselage,  and,  in  so  doing, 
attention  must  be  paid  to  such  components  as  front  and  rear 
fairing,  front  and  rear  fuselage,  and  other  components  whose 
loads  are  distributed  over  several  joints.  The  centre  of  the 
distributed  loads  on  the  several  joints  (due  to  a  component), 
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must  coincide  as  far  as  possible  with  the  centre  of  gravity 
of  the  comj)onent  aht^ady  fixed,  otherwise  there  will  1x5  a 
decidetl  lack  of  balance,  which  will  be  troublesome  when  the 
reciprocal  loa<l  diagrams  are  drai^Ti. 

It  should  also  be  noticed  that  in  the  case  of  many  com- 
]>onents  the  load  is  imposed  on  the  upper  or  lower  johits  of 
the  fuselage,  but  not  both. 

For  example,  the  load  due  to  wings  is  distributed  over 
four  different  joints  on  each  side  of  frame,  partly  on  two  upper 
joints,  and  partly  on  two  lower  joints,  whereas  the  landing 
gear  is  wholly  taken  on  two  lower  joints  of  the  fuselage. 

TABLE   13 

Horizontal  Position  of  C.Q.  Moments  About  Vertical 
Line  Through  Propeller 


Potrol  and  tank  (body). 

Oil  and  tank  (body),  3| 

Propeller  and  boss. 

Engine  .  .  .  . 

Water  in  rndiator,  tank, 

Radiator  and  shutter 

Tjanding  gear 

Front  frame  . 

Rear  frame    . 

Tail  piano  and  elevators 

Rear  skid 

Finp,  top  and  bottom 

Rudder 

Pilot       ... 

Controls  in  body 

Fi^nt  fairing 

Rear  fairing 

Flying  instruments 

Seat  upholstered,  etc. 

Exhaust  pipes 

Cargo     . 

Top  wing  (172-6sq.  ft.) 

Bottom  wing  (160 sq.ft. 

Struts  and  wires 

Petrol  in  wing  and  tank 

Piping,  complete     . 

Engine  Accessories 


32  galls, 
galls. 


pipe 


330 


290 

X  570 

■._c 

1G500 

38 

X  570 

^ 

2160 

53 

X   0 

— 

0 

440 

X  270 

r^ 

11900 

70 

X  7-5 

530 

50 

X  7-5 

•- 

380 

87 

X  630 

r-. 

5480 

95 

X  84-0 

=  - 

7980 

26 

X208 

z:^ 

5200 

40 

X261 

10440 

6 

X269 

■^  . 

1610 

7 

X2W 

-_ 

1750 

7 

X277 

1940 

170 

Xl46 

24800 

22 

X126 

— 

2770 

50 

X  74 

z.-. 

3700 

20 

Xl90 

= 

38fK) 

19 

X120 

= 

2280 

15 

X150 

= 

22.'50 

20 

X  30 

= 

600 

400 

X  90 

=: 

36000 

150 

X  75 

^ 

11260 

145 

X  95 

z^ 

13780 

35 

X  80 

Tzr. 

2800 

40 

X  66 

~ 

2240 

24 

X  40 

=-. 

960 

12 

X  60 

= 

600 

Total  moment 


173700 


X  horizontally 

Distance  scale,  full  size. 


173700       «^^,     ,  ,      ,. 

a,,^    =  74' 6  In.  from  centre  I  me  of  propeller. 


FUSEI^VOE 

11 

TAULK    U 

VjomoAL  Ponnoii  or 

Ca  Mamam  Aboot  BonKHfrai*  Lam 

PMrol  in  body 

.  ito 

X 

IM- 

inoo 

Oa  in  tonk    . 

.     HI 

X 

a   - 

mo 

PiopeUar  and  bo» 

.     6S 

.   440 

X 
X 

•1-0  • 
01-0 -i 

JSR 

Wal«r  in  nMli*lor.  uuik. 

rlc.  . 

.    110 

X 

17     « 

6140 

i.mmAh^  Mar 

.     17 

X 

17     - 

1410 

Fmonl  fiMBM  . 

Oft 

X 

41     - 

4660 

RMr  fmoM    . 

25 

X 

IS     - 

1160 

Tiia  pUn*  and  elavaloni 

40 

X 

54-6*- 

tlM 

Rmt  akid 

ft 

X 

11     - 

no 

Pina,  top  and  hottmi 

7 

X 

70     - 

410 

Rudd«>r 

7 

X 

71     - 

800 

Pflot 

TO 

X 

01     - 

10700 

ObDirolfl  in  ikmIn 

.'3 

X 

41^1- 

160 

FitmlfaMpc 

.0 

X 

171- 

1610 

Raar  laMBf 

iO 

X 

M     - 

lUO 

Flyincfa^Mila 

10 

X 

M     « 

190 

IS 

X 

ao    - 

110 

Rxhaaat  ptpaa 

20 

X 

61      - 

mo 

Cargo     .          . 

too 

X 

66     .. 

moo 

Top  wing       . 

.    IfiO 

X 

100     - 

IflOOO 

goOom  wing. 

.   14A 

X 

43     «. 

OHO 

BIrula  and  wiivh 

M 

X 

71     - 

1660 

FMralin  wing 

10 

y 

07     - 

mo 

24 

X 

60     «» 

1100 

12 

X 

60     .- 

710 

Total 


Total  woighi-i  1190  Iba. 
y  voKioally  ■■    ^^    *  60*3  in.  from  dm 
fuU  aiaa. 


II  in   11  IMS 


ThU  dbtribution  is  more  tcdiouit  than  difficult,  and  the  method- 
ical man  wiD  adopt  his  own  procedure  in  the  matter,  but  it  ia 
eawntial  that  some  care  should  be  exeroiaed  in  order  that  tlie 
work  may  be  easily  and  quickly  cheoked  at  any  stage. 

The  method  adopted  here  is  suggested  as  behig  q^te  satis- 
factory vkithout  undue  and  exhaustive  detail,  and  it  will  be 
found  that  practically  everything  eoiential  oan  be  easily 
gathered  from  Table  15. 

Every  component,  and  oonflequently  every  load  on  the 
fuselage,  is  assumed  to  be  sjnounetrical  about  the  longitudinal 
axis  of  the  machine.  This  means  that  the  two  side  paneb  of 
the  fuselage  take  half  the  full  load  of  the  whole  aeroplaae. 
The  loads  shown  in  Table«  15  and  10  repreMit  1  X  load  on 
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the  two  sides  of  the  fuselage,  hence  the  loads  at  the  joints 
must  bo  halved  and  multiplied  by  the  full  factor  required. 

In  the  landing  cases  the  whole  of  the  top  wing  load,  and 
the  load  due  to  the  portion  of  the  bottom  wing  from  the  tip 
to  the  centre  of  inner  bay  is  transferred  llnonL'h  the  body 
struts  to  the  top  of  the  frame. 

The  remainder  is  taken  by  the  two  ])oints  of  attachment 
of  the  bottom  wing  to  the  fuselage. 

Since  the  rudder  and  skid  are  overhung  loads  at  the  rear 
of  the  machine,  it  is  assumed  that  these  are  equivalent  to  a 
load  at  the  fuselage,  together  with  a  horizontal  couple. 

This  is  quite  allowable  because  of  the  way  in  which  the 
rudder  is  fixed  to  the  fuselage,  but  it  is  not  so  true  in  the 
case  of  the  propeller  and  boss  at  the  front  of  the  machine. 

Having  tabulated  the  loads  in  Table  15,  it  is  convenient  to 
make  a  diagram  of  the  frame  and  insert  the  loadfi  according 
to  their  points  of  application,  using  judgment  in  placing  above 
or  below  or  in  dividing  l>etwecn  the  two. 

The  way  in  which  this  has  been  done  can  easily  be  traced 
from  the  diagram  in  Fig.  43.  (Inset). 

TABLE   15 
Distribution  of  Loads  Aix>ko  thx  Fusrlagb 


Code  lettrt- 

Total 

Name  of 

on  acconj- 
pan>ing. 
aUflram. 

WelKht  of 

Loada  Imposed  on  the  Jointa  due 

comfioneni. 

oomiKinent 
lbs. 

to  each  component. 

- 

Fig.  .48. 

Petrol  in  body 

a 

290 

Joint    3, 1451be.    Joint    4.  145lb«. 

Oil,  etc.       ... 

b 

38 

Joint    3,    191b8.    Joint    4,    IQlbfl. 

Propeller  and  boss 

r 

53 

Joint    1,    531bB. 

With  horizontal  forces,  44  lbs.  top 
and  bottom  of  fuselage 

Engine         .      .      . 

d 

440 

Joint    1,180  lbs.    Joint    3,  20  lbs. 
M       2,240     „ 

Radiator,  rfiutter. 
Radiator,  water 

e 

70 
60 

Joint    l,1201biL 

and  46-6  lbs.  at  top   and   bottom 
horizontal  couple 

Landing  gear  .      . 

I 

87 

Joint    3,    63  lbs.    Joint    0.    24  lbs. 

Joint    1,     7  lbs.   Joint   6,     6  lbs. 
M      2.     7     .,        ..      7,     6    „ 

Front  fairing    .      . 

9 

60 

1 

M      3.     6                      8,     6     „ 
M      4,     6                      0,     4     „ 
M      6,     5     ., 
Joint   9,      6  lbs.    Joint  1.3,    2^  lbs. 
„     10,      4    „         „     14,    1       „ 

Rear  (airing     .     . 

h 

«»  I 

ft     11»      4     „         „     15,    1       „ 
..     12,    2t     „ 

FUSELAGE 
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)Ood*Mtarl 

Toui 

}(mtw  ••( 

^ 

W«4ctitof 

Um>U  \tn\'me,\  «4i   (»ir   ).4tiU  'lur 

ruuiiuttritt. 

coninortil 

Uj  vmtU  fxHuiajUruX, 

TiOplMMiktleTatar 

J 

40 

Joint  li.  ••Sibil   JoiBtl5,S0^7|l«. 

BMtf  akid   .     .     . 

k 

6 

JoiatlA,  •  Iba. 
•ad   horiMmlal   oovpl*.    1-04  Iha. 
top  and  boiiom 

Fin* 

1 

H 

Joint  IS.    1      lb.    Joint  19.    S  !»«. 
..     14.    4 

Rud<l<*r  . 

m 

7    ' 

Joint  lA.    7  \\m 
•od  ft-4  Iba.  honaont«l  ooopM 

RxhAUMt  pipe* 

n 

SO 

Joint    1.     «lha.   Joiol   S,     Slha 
f      S,    IS    .. 

PU.M 

o 

170 

Joint   a.    64  lbs.   Joint  10,    lAlbik 
..      9.     90  .. 

Oonlrok 

p 

ft 

Joint   7.     7  lbs.   Joint    S.  1ft  lb>. 

Plyiiiff  Instf^imraU 

9 

19 

Joint   7,    IS-SlbiL  Joint   S.  O-Slbi. 

8c«t 

r 

1ft 

Joint   8.     3lb«.   Joint  10.    SIbik 
..      9.    10    .. 

Oiirgo  . 

' 

400    j 

Joint   4.   09  lbs.    Joint   0.13SlbiL 
.,       ft.  137     .,         ..       7,    6S  „ 

Piping  oompk»««    . 

1 

24 

Joint   S.  Ift.llb€.  Joint   3.8-9   Ibfl. 

BiSgLieaooalKiriM 

M 

IS 

Joint    3.    12  lbs. 

Top  wing      . 

« 

100 

Joint   3.    721b«.   Joint   6.   78  lbs. 

Bottom  wing 

•9 

.«} 

Joint   3.    lOlbtt.    Joint   CllOlbiu 
..      ft.    Ift     ..        ..       7,    10     .. 

StniU  and  wires    . 

« 

s«  ' 

Joint   3.lSSlbii.  Joint    0.Slftlba 

Potrol  in  wing 

y 

40 

Joint  3.    2ft  lbs.  Joint   0.     ft  lb«. 
Joint    1.    IOIUl    Joint   ft.    10  IbiL 

1 

..      2.    lOlbs.        ..      6.    12     .. 

Front  fiMoUgs 

X 

95    . 

..      3,     9                      7.    13     ., 

1 

..      4,    U                       8.    IS     .. 

9.     8     „ 

Joint    9.      4  1b«.    Joint  13.    3|  Hm. 

RMtfCuMUge 

A 

SA 

..     10.    31     ..         ..     14.    3       .. 
..     II.    3{                       15.    4       .. 
..     12.    3J 

Ab  a  check  on  the  work  the  load  should  total  up  to  the 
weight  of  the  complete  machine.  Similarly,  by  taking  moownU 
about  the  centre  line  of  propeller,  the  total  momcni  should 
compare  favourably  with  that  in  Table  13. 

The  factor  <  '  requiixHl  in  landing  is  at  tho  present 

time  more  or  1<  hini  for  all  machines,  and  is  fixed  at  A. 

although  for  fairly  large  aeroplanes  4  is  permissible. 

WhtMi  tho  machine  is  flying  the  factors  correspond  to  those 
\\aciX  for  the  main  planes. 
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It  is  now  required  to  set  out  a  side  elevation  of  the  fuselage 
diagramniatically  to  some  scale  and  insert  the  loads  on  one 
side  of  fuselage,  including  a  factor  of  5  ;  i,e.,  the  loads  at  the 
joints  in  Fig.  43  (which  are  loads  on  the  two  sides  of  the 
fuselage)  must  be  multiplied  by  2J  in  order  to  give  a  factor  of 
6  times  load  on  each  side  panel  of  the  fuselage. 


Caae  1,  Landing  on  Wheels  at  5  Times  Load 

This  is  the  geral  condition  of  normal  landing  when  the 
whole  shock  is  taken  through  the  wheels  and  landing  chasfiis 
to  the  fuselage,  some  amount  of  absorption  having  taken 
place  at  the  tyres  and  rubber,  or  other  absorbers.  It  is 
assumed  that  the  direction  of  the  reaction  due  to  this  case 
of  landing  is  along  the  line  joining  the  point  of  contact  with 
the  ground  and  the  centre  line  of  gravity  of  the  whole 
machine,  and  consequently  the  direction  of  the  loads  will  be 
parallel  to  this  line.  The  work  of  finding  the  loads  in  the 
various  members  of  the  structure  is  done  graphically  in  the 
ordinary  way  by  lettering  the  position  diagram  according  to 
Bow*s  system  of  notation. 

It  serves  as  a  good  check  and  often  avoids  considerable 
delay  if  it  is  remembered  that  the  external  forces  on  the  struc- 
ture are  themselves  in  perfect  balance,  hence  it  is  advisaole 
first  to  draw  the  reciprocal  force  diagram  for  the  external 
forces,  and  see  that  this  diagram  completely  closes.  The 
reciprocal  diagram  may  now  be  completed  and  the  loads 
found  in  the  various  members  of  the  frame  structure.  It  will 
be  seen  in  Fig.  44  (inset),  that  it  has  been  found  convenient  to 
do  this  in  two  diagrams  dra\\Ti  to  different  scales,  the  larger 
diagram  representing  the  loads  on  the  front  portion,  while  the 
smaller  diagram  represents  the  load  on  the  rear  portion  of 
the  fuselage. 

From  these  diagrams  the  loads  are  measured  and  inserted 
on  the  particular  members  in  the  diagram. 

The  fuselage  may  be  considered  supported  at  the  front  and 
rear  landing  leg  attachments,  of  which  the  portions  outside 
these  two  points  are  cantilevers.  Every  joint  should  be 
checked  over  to  see  that  the  right  wires  are  in  operation, 
otherwise  they  may  \)o  found  to  be  in  compression,  which  is 
impossible. 
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Gate  2.  Landinff  on  Wheeli  and  Rear  Skid  at  5  Timet  Load 

The  al>^' '  caMo  in  the  one  in  which  the  «hook  U  dividiMl 
prnportionnun^v  between  the  wheela  and  the  rear  skid,  both 
being  aMMununi  to  touch  the  ground  simuitaneoiialy,  the 
greater  pru|)ortion  of  load  being  taken  by  the  wheeb,  ahioe 
they  are  nearer  to  the  oentre  of  gravity  of  the  whole  maehhie. 
It  repreeenta  a  very  severe  oaae  for  the  roar  portion,  and 
induces  loads  in  many  of  the  members  which  cletemun^  their 
design.  It  is  a  form  of  landing  rather  difficult  to  make,  and 
is  generally  consitlcrcil  to  l)c  the  correct  method. 

To  find  the  load  on  the  wheebi  and  skid  respectively,  drop  a 
perpendicular  on  to  a  line  drawn  tangent  to  the  wheel,  and 
touching  the  nkid  in  its  partially  compressed  position.  The 
load  on  the  skid  and  wheels  can  then  be  found  by  proportion. 

In  thb  example  these  proportions  are  213  and  SS,  and 
since  the  weight  of  the  whole  macliino  is  2330  lbs.,  then 

2S30  V  22 

^[3       =  240  lbs.  at  the  skid, 

the  load  at  the  wheels  being — 

2330-240  =  2090  lbs. 

Thene  loads  represent  1  X  loading  un  lioth  si.li  s  <if  the 
mocliine,  hence  for  a  factor  of  5  times  load,  the  n.u  tiuu>  mx 
one  side  of  the  frame 


2}  X  2090  =:  5220  lbs.  at  the  wheel. 
2}  X  240    =     600  lbs.  at  the  skid. 

The  loads  at  the  several  joints  may  now  be  inserted  according 
to  the  distribution  already  made,  taking  care  that  the  factor 
is  5  tin^M  load  at  every  joint. 

All  these  dead  load  forces  have  a  direction  perpendioalar  to 
the  ground  line,  and  loads  in  the  members  of  the  ■tmoture 
may  be  found  either  by  calculation,  or  by  drawing  out  a  stress 
diagram  graphically.  In  tliis  case,  as  in  Case  1,  the  graphical 
incthtxl  has  been  employed,  and  the  diagrams  will  be  fom\d 
in  Fig.  45.     (Inset.) 

The  magnitudes  are  measured  from  this  redpmcal  diagram 
and  inserted  on  the  particular  memlx^rH. 
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Checks  on  the  work  sliould  bo  made  wherever  possible,  so 
tliat  any  errors  may  be  eliminated. 

It  wiU  be  seen  that  the  fuselage  in  this  case  may  be  likened 
to  a  stnicture  supportetl  at  three  points  {i.e.,  skid,  front  and 
rear  landing  legs),  the  front  portion  being  overhung. 

This  fact  wiU  help  in  deciding  which  wires  are  operative, 
when  the  force  diagram  is  being  drawn. 


.CHAKIKK    IX 
FUSELAGE— (CofiltiMfed) 

Caae  8,  Flyisg  with  CT.  at  '5  of  the  Chord  5  Timet  Load 

Thj8  in  the  OMe  for  an  aeroplane  flying  with  a  nmall  aoglo  of 
inddenoe  (about  3  degrei^M)  the  engiiie  working  at  opeo  throttle 
and  the  machine  fully  loaded. 

The  forces  operating  on  the  machnie  are — 

(i)  Thrust  of  the  propeller. 

(2)  Normal  weight  of  the  aeroplane  (i.e.,  total  weight  minus 
the  weight  of  the  wing  Htructuro)  distributed  over  the  jointa 
of  the  fuselage. 

(3)  Drag  force> 

(4)  Lift  forces  in  tm-  lih  wn       i;   1  ImkIv  htriit**. 

(5)  Potwihle  tail  load,  which  .  _>  .•  riilly  a  down  load  on  the 
tail  in  order  to  maintain  the  nmrhine  in  thiK  tl>nng  position. 

Those  fofces  operate  simultaneously  and  nhould  l)e  in  exact 
balance  for  steady  flight. 

The  thniMt  of  the  propeller  may  be  taken  as  being  equal 
to  the  total  drag  forces.  Since  the  wings  are  air  borne, 
the  weight  of  the  wing  structure  cannot  stress  the  fuselage 
in  any  way  whatever. 

The  tail  load  is,  of  course,  a  variable  quantity  and  must  be 
found  for  the  particular  aeroplane  in  the  case  under  ooiMtdera- 
tion  by  taking  moments  ol  all  the  operating  forces  dating 
flight,  about  some  convenient  point,  such  as  the  centre  of 
gravity. 

The  load  factor  is  again  5,  hence  the  normal  load  on  one 
Hide  of  the  machine 

normal  load 

In  pn>iHirtion  to  the  arvas  and  ethciency  the  loads  on  the 
top  and  lN>tt4>m  planes  are  2870  lbs.  and  ^180  lbs.  respectively, 
and  taking  drags  to  be  one-seventh  of  the  lift^.  then  drag  force 
on  top  wing  =  410  Iba.,  and  on  bottom  wing      315  lbs. 

lis 
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The  lift  load  on  the  top  wiiig  is  partly  transferred  to  the 
fuselage  by  the  lift  wires,  and  partly  through  the  body  struts, 
in  the  proportions  2100  lbs.  and  770  lbs.  respectively,  according 
to  areas. 

Similarly,  the  lift  load  on  the  bottom  wing  is  taken  on  the 
lift  wires,  and  at  the  fuselage  attachments  in  the  proportions 
1780  lbs.  and  350  lbs.  respectively. 

The  total  load  to  be  taken  by  the  lift  wires  is  there- 
fore 2100  -f  1780  =  3880  lbs.,  and  this  is  to  be  divided 
proi)ortionately  between  the  front  and  rear  main  lift  wires. 

(if  this  total  load,  1780  lbs.  is  transferred  from  bottom  plane 
to  top  plane,  and  incidentally  is  moved  forward  an  amount 
depending  on  the  stagger,  which  introduces  a  moment 
1780  X  24  =  42700  lbs.  ins. 

It  is  known  that  the  position  of  the  centre  of  pressure  is  at 
•5  of  the  chord,  consequently  the  vertical  components  of  the 
lift  wire  loads  may  be  found  by  proportion,  and  will  be  found 
to  be  1260  lbs.  and  2620  lbs.  at  front  and  rear  lift  wire 
attachments  respectively. 

The  lift  loads  at  the  top  front  and  rear  body  strut  joints 
are  found  by  proportion  to  be  190  lbs.  and  580  lbs.  respectively, 
whilst  the  lift  loads  at  the  bottom  front  and  rear  wing 
attachment  joints  are  94  lbs.  and  256  lbs.  respectively. 

In  order  to  find  the  tail  load,  take  moments  about  the 
centre  of  gravity  of  the  machine,  viz: — 


Front  lift  wire 

Rear  lift  wire 

Top  front  body -strut  joint 

Top  rear  body-strut  joint 

Bottom  front  attachment  joint 

Bottom  rear  attachment  joint  . 

Moment  of  load  transferred  from 

bottom  to  top  wing     . 
Top  drag  force 
Bottom  drag  force 
Tail  load        .... 
Normal  load  .... 
Thrust  .... 


1260   X    25    ins.  =    +   30500  Ibe.  ins 


2620  X  24 

>t  =■■ 

- 

62800 

190  X  14-6 

»»  "' 

+ 

2770 

680  X  16.4 

»»  ^^ 

9020 

94  X   90 

f>  == 

_ 

850 

266  X  39 

»»  ^^ 

- 

10000 

1780  X  24 

— 

_ 

42700 

410  X  31 

= 

+ 

12700 

315  X  25 

z= 

7900 

L   Xl89 

»»  = 

-f 

189L 

6000  X   0 

:^ 

0 

726  X   0 

..   = 

0 

(+  and  -  signs  denote  stalling  and  nose  diving  momenta  respectively.) 


Summing  up  the  moments,  there  is  found  to  be  an  imbalanced 
moment  which  requires  a  down  load  on  the  tail  of  460 
lbs.  This  is,  of  course,  only  half  the  actual  load,  as  we  are 
considering  one  side  panel  of  the  fuselage. 
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This  down  load  on  the  tail  will  in  turn  necessitate  an  increase 
of  all  the  lift  loads  roughly  in  the  proportion  of  r^^p^- 

Having  done  this,  moments  are  again  taken  about  the  C.G. 
of  the  machine  and  the  more  correct  tail  load  determined. 

This  modified  tail  load  is  found  to  be  600  lbs.  (i.e.,  4  0  lbs. 
per  ft*,  at  normal  load). 

The  loads  at  the  several  joints  are  as  shown  in  the  Fig.  46. 

Stagger  Loads 

The  load  transferred  from  bottom  to  top  is  now  1080  lbs., 
and  since  the  stagger  is  24  ins.,  and  the  gap  of  the  planes 
56  ins.,  two  equal  and  opposite  forces  are  introduced,  the 
one  on  the  top  plane  being  forward  and  of  magnitude  and 

=  i?«0Xil=8361bs. 

Thrust  of  the  propeller  is  equal  to  the  resultant  drag  forces 
=  725  lbs.,  and  is  assumed  to  have  no  moment  about  the  C.G. 

The  three  conditions  of  equilibrium  have  now  been  satisfied, 
namely — 

(1)  Algebraic  sum  of  the  vertical  forces  is  zero. 

(2)  Algebraic  sum  of  the  horizontal  forces  is  zero. 

(3)  Algebraic  sum  of  the  moments  of  all  the  forces  is  zero, 
which  means,  that  if  the  work  of  finding  the  loads  in  the 
members  of  the  fuselage  is  done  graphically,  then  the  force 
diagram  will  close,  excepting  possible  accumulated  errors  in 
drawing. 

If  it  is  decided  to  do  the  work  by  calculation  the  usual 
method,  known  as  the  "  method  of  sections,"  is  applied.  This 
method  will  be  found  described  in  most  books  on  Graphics 
or  Structural  Engineering. 

In  the  present  case  the  work  has  been  done  graphically, 
and  Fig.  47  show*  a  scale  diagram  of  the  fuselage  with  all  the 
flying  loads  applied  thereto. 

It  will  be  noticed  that  the  external  loads  due  to  the  dead 
weight  of  the  machine  are  practically  the  same  as  in  Cases  1 
and  2,  Figs.  44  and  45  ;  the  notable  exceptions  being  that 
the  loads  at  joints  3,  5,  6,  and  7  (due  to  the  weight  of  the  wing 
structure)  have  lx?en  removed.     Thus  at  joint  3  the  load  is 


m§^ 
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reduced  by  240  lbs.,  at  joint  6  by  37-5  lbs.,  at  joint  6  by  622  lbs., 
and  at  joint  7  by  25  lbs. 

The  loads  in  the  body  struts  and  bracing  are  obtained  from 
the  diagram  in  Fig.  48,  where  the  applied  loads  are  the  lifts, 
and  the  resultant  drag. 


Fio.  48. — Drag  Forces  in  Body  Struts  and  Bracino. 
Flying,  Case  3 

When  the  force  diagram  is  compleU'd  the  loads  in  the 
y^arious  members  are  measured  from  it,  and  inserted  on  the 
diagram.     (See  Fig.  47.) 

Sometimes  it  is  possible  to  sustain  an  up  load  on  the  tail, 
but  when  it  does  occur  it  is  generally  small. 

This  condition  ior  an  upload  on  the  tail  is  that  in  which  the 
centre  of  gravity  of  the  aeroplane  is  aft  of  the  centre  of  pressure 
of  the  lifting  surfaces.  It  is  usual,  however,  to  assume  that 
it  is  possible,  to  have  an  up  load  on  the  tail  load  when 
considering  the  strength  of  that  unit,  and  so  the  tail  unit  must 
be  checked  accordingly. 


Case  4,  Flattening  Out  at  5  Times  Load  f  1  Times  Inertia  Load 

This  is  probably  the  most  severe  of  the  cases  it  is  necessary 
to  consider  for  the  fuselage,  and  in  order  to  get  an  idea  of  the 
forces  operating,  the  aeroplane  may  be  imagined  to  be  just 
recovering,  or  about  to  recover,  from  a  very  steep  dive  under 
a  very  heavj^  tail  load  of  about  30  lbs.  per  square  foot. 

This  tail  load  has  the  effect  of  flattening  out  the  steepness 
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of  the  clive,  and  it  in  just  when  the  Uii  load  in  inpotad  by  the 
pilot  o|>erating  the  elovaton)  that  the*  fuadage  wiU  lie 
rooiit  iioveroly.  Not  only  are  there  loads  due  to  the 
weight  of  the  machine,  but  there  are  alio  ijiortia  foroM  due  to 
the  angular  aooeleration  produced  by  the  heavy  tail  load. 
Whan  the  maohina  is  diving  it  in  quite  probable  that  the  centre 
of  pretsure  is  well  back,  but  whc*n  flattening  out  it  Ijegiiis  lo 
move  forward.  In  working  out  thin  cane,  it  ij«  aiwumed  thai 
the  machine  has  so  far  recovered  that  the  total  Uft  on  the 
wings  is  equal  to  the  sum  of  the  normal  load  of  the  aeroplaoe, 
added  to  the  tail  load. 

The  factor  of  loading  employed  is  the  same  as  in  the  other 
oases  (t.e.,  5  times  load),  but  with  the  addition  of  1  times 
inertia  loads,  which  is  quite  reasonable. 

When  flattening  out  tlie  openting  forces 

(1)  ThrUHt  of  the  pn>|HUer. 

(2)  Normal  weight  of  the  machine. 

(3)  Drag  forces. 

(4)  Lift  forces  in  lift  wires,  body  struts, 

(5)  Down  load  on  the  Uil. 

(6)  Inertial  forces  on  the  whole  machine ;  and  idnoe  they 
operate  simultaneously  they  are  in  exact  balance  during  the 
period  of  flattening  out. 

As  in  Gsse  3,  the  thrust  of  the  propeller  is  awnmed  eqiml 
to  the  total  drag  forces,  and  the  drag  forces  are  taken  as 
one-scventh  of  the  normal  lift. 

Normal  k)ad  =  5  x  ^       'wvwibs. 

on  one  side  of  fnselafle,  and  ihU  in  aivuKxi  into  2870  lbs.  lift 
on  the  top  plane,  ana  2130  Ibn.  lift  on  the  Ixittom  plane. 

The  drag  force  on  the  top  pUne  is  therefore  410  lbs.,  and 
on  the  bottom  plane  315  lbs.  Maximum  down  load  on  the 
tail  is  obtained  from  Fig.  49  and  amounts  to  IfiOOlbs. ;  or 
760  lbs.  on  each  half  of  the  tail. 

Inertia  FoitM. 

Since  the  load  on  the  tail  plane  is  known,  ita  moment  about 
the  oroas  wbd  axis  of  the  machine  may  be  calcukled.  This 
moment  gives  the  aennJaneanaocelerationolaBiomitdepcodiag 
upon  the  moment  of  famrtia  of  the  maeUne  about  thai  axis. 

For  the  purpose  of  estimating  the  moment  of  inertia  of  the 
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whole  mAohino  a  Uble  in  prepared  aa  thown  in  Table  10,  in 
which  the  moment  of  inertia  of  eaoh  oomponeot  ia  oalculaUKl. 
If  a  component  of  weight  u^lbt.,  which  haa  no  moment  of 
inertia  about  ita  own  azia,  ia  situated  at  a  radiuii  r  ft.  from  the 

w 
C.G.  of  the  aeroplane,  then  I  ^  ^f*  where  /  ia  the  moment 

_  9 

of  inertia  in  engineem'  unita,  about  the  oroes  wind  axi«. 

Table  16  ia  a  methodical  meannof  obtaining  the/  of  each 
comi)onent  on  thia  assumption,  and  the  sum  of  these  Tallies 
gives  the  /  of  the  whole  machine. 

It  lA  not  strictly  aocurate,  however,  to  make  this  assumption 
ill  the  case  of  such  componenta  aa  engine,  wings,  tail  plane, 
etc.,  which  have  momenta  of  inertia  about  their  own  aiDBS. 
Consequently  an  increase  of  7%  is  made  to  the  /  of  the  wliola 
machine  to  miikc  nllowance  for  thiH  fact. 

Fh>m  the  tabulation  the  /  of  tlu-  machine  U  14^0.  aii«l  when 
increased  by  7%  »  1532  unit^. 

The  distance  from  the  C.P.  on  nw  tan  to  tnr  «  «•.  of  the 
machine  is  15*1  ft.,  ami  since  the  tail  loiul  in  1500  lUt.,  then 
the  applieti  torque  is — 

1600  X  151  =  22700  lbs.  ft. 

Now  /a  =  torque,  where  a  is  the  angular  acceleration  of 
the  machine  about  it«  C.G.,  hence  tiiese  two  quanttlies  must 
be  eqimted  in  order  to  determine  the  angular  aooelefmlion. 

ThuH— 

1532  a  =  1500  X  151 

1500  X  151       ,^  ^      ,. 
..    a  ==        jggg     "  =  14*8  nwiuuis  per  sec.,  per  sec. 

It  is  generally  assumed,  however,  that  approximately  one- 
half  of  this  angular  acceleration  in  damped  out  by  the  wings, 
in  consequence  of  which  the  actual  angular  aocelermtion  of 
the  machine  is  7-4  nulians  per  sec.,  per  sec. 

Each  component  exerts  an  inertia  force  on  the  fuselage, 
•  le{H*nding  upon  ita  radius  and  its  nuMS  (t.e.,  inertia  force 

w 
=  — ra)and  operates  in  a  direction  perpendicuUr  to  the 

line  joining  the  C,Q.  of  the  component  to  the  CC  of  the 
\\  hole  machine,  and  tendn  to  oppose  the  turnfaig  eliset  of  the 
tail  load. 
The  magnitudcH  of  these  inertia  forces  are  tabulated  in 
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Table   16,  and  the  vertical  components  of  these  forces  in 
Table  17,  horizontal  components  being  generally  neglected. 


TABLE 

16 

DiSTANOB   SOALBS— FnU.  SlZB 

.       0-.P-H. 

Wcisht 

irlGi. 

W 

9 

lUd. 

I 

1    - 

E«... 

Petrol  and  tank  . 

290 

9-0 

18-6 

1-66 

2-4 

13-96 

21-60 

Oil  and  Unk 

38 

118 

220 

183 

3-36 

2-16 

3-95 

PropoUor  and  boss 

63 

1-646 

760 

6-26 

391 

10-30 

64-30 

Engine       .      .      . 

440 

1368 

480 

400 

160 

64-76 

21900 

Water  and  radiator, 

shutter,  etc.      . 

120 

8-73 

676 

662 

3166 

20-90 

11800 

Landing  gear.      . 

87 

2-7 

460 

3-76 

14-06 

10-10 

38-00 

Front  frame  . 

95 

2-96 

160 

1-26 

1-661 

3-69 

4-60 

Rear  frame     .      . 

26 

•777 

1340 

1117 

124-7 

8-67 

96-80 

Tail     plane     and 

elevators     .      . 

40 

1-24 

186-6 

16-54 

242-0 

19-30 

30000 

Rear  skid       .      . 

6 

•186 

1970 

16-42 

2700 

3-06 

50-30 

Fins     .... 

7 

•214 

1750 

14-58 

212-2 

311 

45-30 

Rudder      .      .      . 

7 

•214 

2030 

16-92 

286-2 

3-61 

61-20 

Pilot    .... 

170 

5-28 

71-6 

597 

35-7 

31-50 

18900 

Controls  in  body 

22 

•684 

64-6 

464 

20-6 

3-06 

13-90 

Front  fairing 

50 

1-66 

30 

•25 

•063 

31 

008 

Rear  fairing   . 

20 

62 

116-6 

9-62 

930 

5-96 

57-70 

Flying  instruments 

19 

69 

46-6 

3-87 

160 

2-28 

8-85 

Seat,  etc.  .      .      . 

15 

•465 

756 

6-29 

39-5 

2-92 

18-40 

Exhaust  pipes 

20 

62 

460 

3-75 

1405    j 

2-33 

8-70 

Cargo         .      .      . 

400 

1241 

14-6 

131 

1-462 

15-00 

18- 15 

Top  wing 

150 

4-65 

39-6 

3-29 

10-8 

15-30 

60-20 

Bottom  wing 

145 

4-6 

276 

2-29 

5-25 

10-30 

23-60 

Struts  and  wires. 

35 

109 

13-6 

1-125 

1-27    t 

1-22 

1-37 

Petrol  in  vring     . 

40 

1-24 

41-0 

3-42 

11-67 

4-24 

1450 

Piping  complete  . 

24 

•746 

362 

3-02 

9-15 

2-25 

6-80 

Engine  accessories 

12 

•37 

260 

2-08 

4-34 

-77 

1-61 

ToTAi.  I  (uncorrected)      1436* 


It  will  be  observed  that  some  of  these  forces  are  upward, 
denoted  by  negative  signs,  and  the  remainder  are  downward, 
denoted  by  positive  signs,  depending  upon  their  position 
relative  to  the  C.G.  (t.e.,  positive  for  forces  in  front  of  the 
C.G.,  and  negative  for  forces  behind  C.G.). 

These  inertia  forces  are  still  to  be  distributed  over  the 
frame  in  exactly  the  same  proportions  as  for  the  dead  weights 
themselves.  This  has  been  done  in  Fig.  50  (inset),  but  it 
must  be  remembered  that  everything  in  that  figure  is  for  the 
two  sides  of  the  machine,  and  must  be  divided  by  two  in 
order  to  correspond  with  the  previous  work. 
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.    Variicui 

••/..' 

VMtlMd 

OompooMit. 

foeUir 

fOfWL 

(11*) 

PMrol  Mid  iMik 

•0 

103 

4-   tl^ 

OU  Mid  tMik   . 

•8 

10 

+    13-3 

Propaller  muI  Immm    . 
Rngine    . 

113 

70-5 

f    73-6 

•99 

406 

•f  400^0 

WM«r  Mid  rMliAtor 

•99 

168 

+  160^ 

LMiding  fftmr 

17 

76 

+    80-3 

Front  trmnw 

•63 

37-3 

-     17-3 

Hfif  fnune 

•99 

63*6 

-     63^ 

Tail  plMie,  9io. 

1-00 

143 

-  143^ 

Htmr  iiktd 

•99 

336 

-     33^ 

Fina 

100 

33-9 

-    33.9 

Kudtlrr 

too 

36-7 

-    36-7 

Pilot 

100 

334 

-  334 

Controla 

•98 

3^6 

-    33 

Front  (airuin 

•S5 

3-4 

+      0-6 

RMtf  fairtnK      . 

1-00 

44 

-     44 

Flying  inatninx'iiu 

•98 

16-9 

-     16-6 

Soat 

100 

21-7 

-     317 

Engine  piix^ 

100 

17-2 

+     173 

Ca^ 

99 

111 

-  110 

Top  wini; 

0 

113 

0 

BoMom  wing   . 

•65 

76-4 

-     49.7 

Stmto  Mid  wires 

30 

9-06 

-       3.3 

FMffol  in  wing 

•45 

31-6 

+    14.3 

^'jgg     • 

•9H 

16-3 

+    16^8 

100 

1 

6-6 

+      6-6 

It  is  now  i)OK8ihle  to  take  preliminary  momento  about  the 
CO.,  in  onler  to  find  the  position  of  centre  of  preaeoie  of  the 
wingM  for  tliis  cane — 

Tafl  moment  780   x    181  -   +   137000  lU.  in«. 

Top  dng  momeui  410  x     31  »   -f     13700        „ 

ToUl  aUlling  moment +   149700 

Normal  IomI  moment 1-        lero 

Inarta*  foroee  moment                                          .  »  .    67300  IIml  Imw 

Thrust  moment    .  ^         sero 

Bottom  drag  moment —  -      7900        m 

-    66300 
Reeulteot     -     149700  -  66200  -  84600  lb*,  in*. 

Lift  moment  about  CO -     -      6780  X  x 

4-  Mid  -  eigne  denote  eUlling  eod  noee  diving  momenta  reepeetlvaly. 
Total  lift  fforoe  on  the  planee,  per  leideo(maoUB0-inonnal  load  +  taU  load 
-6000 +760- 6760  Iba. 
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Therefore  the  distance  of  C.P.  behind  the  C.G.  of  the  machiuo 
84500 


6750 


=   14-7  ins. 


From  previous  work  the  ratio  of  the  lift  L,  on  the  top 
and  L  on  bottom  planer  is  1  to  -767. 

.-.  1-767L=  5750  lbs. 

from  which  Hft  on  top  plane  ^  3260  lbs. 
and  lift  on  bottom  plane      =^  2490  lbs. 


'-- f 


-f—'Wifil. 


CP- 


■+ 


TOP  CHOPO 


*0  7t7X 


CP 


BOTTOM  CHOPa 


CP.    OF      r^HOLL    MACHINg. 
ON   MCAM    CHORD. 

Fio.  51. — DiAoiiAM  TO  Find  Ckntke  of  Pressure 


Of  the  load  on  the  bottom  plane,  390  lbs.  is  taken  directly 
at  the  fuselage  and  2100  lbs.  is  transferred  to  the  top  plane 
to  be  taken  by  the  main  lift  wires. 

The  top  plane  load  is  partly  taken  on  the  body  strut  joints 
and  the  main  lift  wires  in  the  proportions  900  lbs.  and  2360  lbs. 
respectively.  When  the  position  of  the  C.P.  is  known  relative 
to  the  chord,  then  these  loads  may  be  divided  between  front 
and  rear. 

In  order  to  do  this,  draw  the  diagram  as  shown  (Fig.  51) 
from  the  side  elevation  of  the  machine.     Then 


41  in.  -  -7670;  =  17  +  a; 


MahL.VuK 
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lienor  a;  Bs  130  in.,  which  corTUK|MiiiflM  to  ixNtiticm  uf  CM*,  at 
445  X  chord.     The  pro|>ortionH  of  load  are  therefore-  - 


Kroni  body  tArut ^   SAO  IIm. 

Rear  body  aCnit ^   SAO    ^ 

Bottom  frooi  spar  nf  Inrhim^l  t^  funrlrpo  lAO     ^ 

Bottom  rear  tumr  <>•  -  f40    ^ 

VcrtiMl  Umd  at  i                                         nt  to  CumI.  .  1790    „ 

Vertical  load  at  rr«r  mt  wirr  attBdmaiit  (o  fui^Iiipr  .  -•f670lbl. 


stagger  Loads 

Tho  lottd  traiiHfotTtMl  from  iKittoni  plane  to  top  plane  iniro- 
liM«>H  a  noec-diviiK'  in..iiiint  due  to  the  stagger  (24inK.)  of 


o    m  Mt  m  4m 


m  M$  Mf  4m  M 


Kiel.  53. — DkAci  Loaim  in  Body  Htriiv  and  Bracino 
Flavtkninu  Orr.     Cahk  4 

21<N>  X  24  ^  THHOO  IIm.  inii.,  and  nince  the  gap  ~  56  ins.,  a 
horizontal  couple  is  produccnl  on  the*  wing  Ktnicturo.  wIhihc 
forces  arc  000  lbs. 

Ad  a  check  to  see  if  the  I<ut(is  an'  in  luilan(*<'.  tako  iiininnitA 
•f  all  the  forces  about  the  C\G.,  from  which  it  will  Ik*  found 
that  the  resultant  moment  ik  com|>aratively  very  small. 


Tail 
Top  dr««. 
IiMTtia  moment 
Tlinwt  moment 
Normal  load  mominii 
Bottom  drag  moment 


7A0  X  ISI 

410  y   31 


4-  1S7000  Ifaa. 
+  11700 
-  A7300 


7900 


1790  X  25   - 

+ 

44700  lbs.  L 

2670  X  24   » 

64100 

350  X  14-6  r. 

-f 

6110 

560  X  15-4  » 

_ 

8470 

150  X  90  » 

- 

1350 

240  X  39  « 

- 

9370 

om  to  top   -1 

- 

50400 
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Front  lift  1790   X  25      «   +     44700  lbs.  ins. 

Roar  lift 

Front  body  Htmt 

ReAT  body  strut 

Bottom  front  attnchnu'tit 

Bottom  rear  attachmont 

Moment  of  load  transforrod  frum  )>uitoro  to  top        ■« 

which  balance  to  within  J%. 

All  the  loads  may  now  be  transferred  to  a  scale  diagram 
and  the  forces  in  the  members  determined. 

In  this  instance  the  loads  in  the  members  of  the  fuselage 
have  been  determined  graphically,  the  diagrams  for  which 
are  showTi  in  Fig.  52.  (Inset). 

The  true  loads  in  the  body  struts  and  bracing  are  found 
graphically  in  Fig.  53  by  applying  the  resultant  drag  force  on 
the  top  winir,  and  the  lifts  at  the  two  body  strut  joints. 


CHAPTER   X 

F\JSELAGE--iC(mtinu€d) 

TORSION  OF  FRONT  PORTION  OF  FUSELAGE 

Tins  is  due  to  tho  torque  rMctkm  of  the  engine,  and  U  aMumed 
to  be  equally  distributed  over  the  engine  beareni.  Tho  loada 
in  the  various  memberR  duo  to  engine  torque  will  add  to 
thoee  already  existing  in  normal  flight  and  in  flattening  out. 
If  tho  normal  home-power  given  out  by  tho  engine  is  aMumed 
\M)  H.P.,  at  a  speed  of  1400  revolutions  per  minute,  then  the 
engine  torque  may  bo  calculated  as  foUoi 


r  2ir  n   =   H.P.  X  33000 
wlun-      T  «  engine  torque  in  lbs.  ft. 

u  s  revoIutionM  {xt  minute 

150  X  33000         ^    ..      , 
then         T  =-^,400      =S65lbs.ft. 


If  now  it  is  aasomed  that  this  torque  be  taken  by  the 
bearer  bays  as  up  load  on  one  side  and  down  load  on  the 
other,  then,  since  the  distance  between  tho  two  sides  of  the 
machine  is  29  ins.,  tho  up  and  down  loads  will  be 

565  X  12 


29 


=  234  lbs. 


The  two  engine  bearers  themselves,  upon  which  the 
fec*t  rest,  are  usually  a  less  distance  apart  than  the  width  of 
the  fuselage.  In  the  case  of  this  engine  tho  distance  between 
the  engine  bearers  is  13*2  in.,  so  that  the  up  load  on  one  and 
the  doin  load  on  the  other  engine  bearer  is 

565   X  12       ^,^,. 

having  a  nhorter  ami  from  the  centre  line  of  the  "*^^^»«n*. 

It  will  therefore  bo  realized  that  the  differenoe  between 
the  force  at  the  engine  bearers  themsehres,  and  that  at  the 
aide  bays  means  that  a  lateral  torque  is  intrcKluoiMl.  which  is 
uraaDy  taken  by  the  ply  bulkheads  connecting  the  two  engine 
bearers  and  the  side  bays. 

133 


134 


AEROPLANE  STRUCTURAL  DESIGN 


In  flight  the  whole  engine  torque  is  controlled  and  counter- 
balanced by  the  ailerons,  which  afford  lateral  stability  to  the 
machine. 

This  load  of  234  lbs.  is  to  be  distributed  over  the  three 

joints  which  support  the  engine  bearers,  hence  each  joint 

,     234 
must  take  —  =  78  lbs.     It  depends  upon  the  direction  of 


Fio.  54. — Torsion  of  Front  Portion  op  Pitselaoe 


rotation  of  engine  as  to  which  side  of  the  frame  must  with- 
stand the  down  load,  although  both  sides  are  usually  made 
equally  strong. 

It  wiU  be  seen  that  the  up  load  will  tend  to  relieve  the 
frame  .of  some  of  its  ordinary  flying  loads,  whereas  the  down 
load  imposes  additional  loads. 

This  latter  condition  therefore  constitutes  the  worst  case 
of  loading  and  is  the  one  now  considered. 

Fig.  54  shows  the  front  portion  of  the  frame  loaded  equally 
at  the  three  joints  with  unit  load,  and  Table  18  shows  the 
length  factors  obtained  from  the  force  diagram,  from  which 
actual  loads  in  the  several  members  are  easily  and  quickly 


FUSELAGE 


18ft 


calculated.     A  factor  of  2  haa  been  allowrc!  for  thin  cane, 
and  in  iiicludiHl  in  the  loadM  in  the  kit  ooliimn  of  Table  18. 

TABLE   It 


Factor  frocn  force   Load  iD 


MrmlK-r 

iHaiiam  omkr 

diM  to  S  «raal 

kMKlBOlTtxIlhl. 

into  load. 

Top 

BF 

CU 

^ 

-T44 

aids 

JE 

f.75 

490 

8tnit« 

OH 

176 

n& 

AF 

100 

laa 

BoCUNn 

AJ 

1-96 

S06 

LonavroQ 

AO 

M 

144 

WIfta 

ra 

IM 

-1*7 

HJ 

IM 

-SOO 

TORSSOK  OF  REAR  PORTION  OF  VDIBAQB 

Owing  t<>  the  fact  that  the  {tort ion  of  fin  and  rodder  am 
above  U  often  in  exress  of  that  lielow  the  fuselage,  it  will 
be  oonoeiyed  bow  tbat,  due  to  aide  wind,  a  twisting  effect  ia 
cxperiMioed  by  tbe  rear  portion  of  the  fuadage. 

The  magnitude  of  thin  twisting  effect  depends  upon  the 
total  nde  load,  and  also  upon  the  difttanco  of  tbe  oentre  of 
pressare  of  tbe  combined  fin  and  rudder  from  the  oeniro  tine 
of  the  fuselage. 

Simultaneouflly  with  this  side  load  it  is  possible  to  expericooe 
a  loiul  on  the  tail  plane  and  elovatore,  and  it  in  UMual  to  coosidBr 
the  rear  portion  of  tbe  fuselage  for  the  combined  eases. 

Tbe  intensity  of  side  load  is  assumed  to  be  one-balf  of  tbe 
niAxinium  loa«l  intensity  ever  likely  to  be  imposed  upon  tbe 

nidder  and  fins  (».«.,-5-  =  7-5  lbs.  per  square  foot,  and  -5-  =6  lbs 

per  nquare  fiK>t  respeotively.  The  niAximum  load  ever  Ukely 
to  be  im|M)(«e<l  upon  tbe  tail  unit  ban  liei*n  taken  as  l.rMMl  \\m. 
in  the  flattening  out  case,  benoe  tbe  k>ad  in  this  case  is  7ftO  Ibn. 
on  tbe  whole  tail  unit. 

Tbe  skid  is  oonikiefwl  aa  being  part  of  the  rudder,  and 
tboraloro  takes  a  Umm!  in  this  caiie  of  7*5  lbs.  per  square  foot. 

The  combined  area  of  top  and  bottom  fins  is  8  sq.  ft.,  and 
tbe  area  of  tbe  nidder  is  0  sq.  ft.,  tbe  are*  of  the  skid  *6  sq.  ft. 

Treating   the   sereiml   imita   separmlely   an<l    finding   tbe 
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moments  of  the  side  loctds  upon  them  about  the  centre  line 

of  the  fuselage,  we  have — 

Are*  of  rufldor    .  .    »  0  sq.  ft. 

Load  on  rudder  .  .    a  9  X  7-6    »  '67-5  lbs. 

Distance  of  centre  of  pressure  of  rudder  from  centre  line 

of  fuselage    =  17  Ins.,  hence  the  moment  of  load  on  rudder. 

=  9  X  7-6  X  17  =   1150  lbs.  ins. 

Similarly  for  top  and  bottom  fins,  and  also  for  skid — 


Area  of  top  fin 
Load  on  top  fin 
Moment  of  thia  load 
Area  of  bottom  fin  . 
Load  on  bottom  fin 
Moment  of  this  load 
Area  of  skid    . 
Load  on  skid  . 
Moment  of  this  load 
Not  moment    . 
Total    side   load    Pj    from   port 
to  starboard 


=1  6  sq.  ft. 

=  6  X  6  =  30  Iba. 

=  30  X  23  =  690  Ibe.  ins. 

=  2  sq.  ft. 

=  5  X  2  -    10  Iba. 

=  10  X  -  12-5  ^  -  125  lbs.  ins. 

=  -6  sq.  ft. 

=  -6  X  7-5  =  4-5  Ibe. 

=  4-6  X  -  16  =  -  72  lbs.  ins. 

=  1160  4- 690-126-72  =1643  Ibe.  ins. 

=  67-6  -f  30  +  10  +  4-6  =  112  Ibe. 


It  will  be  observed  from  Fig.  55  that  the  fuselage,  which 
usually  tapers  away  in  the  rear,  is  assumed  to  maintain  its 
rectangular  shape  for  the  purpose  of  estimating  loads  due  to 
torque. 

The  load  on  the  tail  is  assumed  symmetrical  about  the 
fuselage,  thus  the  load  on  one-half  the  tail  is  375  lbs.,  which 
has  no  tendency  to  twist  the  structure. 

In  this  case  the  rear  portion  of  the  fuselage  is  approximately 
square  in  cross  section  (Fig.  55),  hence  the  arms  of  the  two 
equivalent  couples  are  equal.  The  forces  J^i  and  F^  are, 
therefore,  F  X  U  X  2  ==  1643,  when  F  =  68-7  lbs.,  for  d^  =  rf, 
=  14  ins. 

If  the  rear  portion  of  the  frame  is  not  square  in  cross  section 
the  arms  of  the  couples  are  not  equal,  nor  are  the  couple  forces. 

'In  such  a  case  the  following  consideration  is  applicable 
(see  Fig.  65) — 

The  torque  due  to  side  load  =  T,  then 

T  =  F^xdi  +  F^Xd^  .  .  .  .  (a) 
Furthermore,  the  ratio  of  Fi  to  F^  is  equal  to  the  ratio  of  the 
sines  of  the  angles  a^  and  a, ;   i.e. — 

Fi  _  sin  Gi 

Ft~  sin  Gi 
from  which  ^j  and  F^  may  be  calculated. 


(b) 
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It  is  aMomad  that  an  up  load  of  TfiOlba.  on  the  Uil 
may  poiwibly  occur  iiitft4Mid  of  tlie  down  load  alraady 


unit 


Fia.  66 


Tlio  whole  IB  therefore  resolved  into  a  consideration  of  the 
following,  of  which  the  up  and  down  tail  loads  are  alternative, 
and  cannot  occur  simultaneously — 

(1)  Direct  widb  lo«d  on  top  bays  MIIm.  port  to  itArboarcL 

(2)  Direel  tide  UmA  oa  bottom  bay*  66  lU.  port  to  stvboMtL 

(3)  Sido  load  doe  to  torqw  oa  top  bays  68-7  lbs.  port  to  sUrboard. 

(4)  Side  lottd  dtis  to  torqtiD  on  bottom  b«ys  66*7  iW  starboard  to  port. 

(5)  Down  load  S76  lbs.  on  port  side  bavs.     Down  load  on  taiL 

(0)  Down  load  S75  lbs.  on  starboard  side  bays.     Down  load  on  taiL 

(7)  Up  load  68-7  lbs.  on  port  side  bays  due  to  torque. 

(8)  Down  load  68*7  lbs.  on  starboard  side  bays  due  to  torque. 
(0)  Up  load  375  lbs.  on  port  side  bays.     Up  load  on  taO. 

(10)  Up  load  375  Iba.  on  starboard  side  bays.     Up  load  on  taiL 


(5)  and 
(l)and 
(3)  and 

(6)  and 

(6)  end 

(7)  and 


(6) 


(10). 


eanaoi  opsrale  in  eonjonotlon  with  (9)  and 

may  operate  along  with  side  load, 
may  be  oombined  (<.#..  66 +  68-7-  I U* 7  lbs.  on  top  bays 

from  port  to  starboard) ...... 

may  be  eombined  (<.«.,  66  -  68-7  -  -  2*7  Ibs^  on  bottom 

bavs  trdm  port  to  starboard) ..... 
may  be  oombmed  in  ease  of  down  load  on  tail  — 

376-68-7  «  3l6-3lbs.  down  load  on  port  side  bays 
may  be  eombined  in  case  of  down  load  on  tail — 

376  -f  68*7  -  433-7  lbs.  down  load  on  starboard  sidebaya 
may  be  eombined  in  oese  of  up  load  on  tail — 

376  +  68-7  -  433-7  lbs.  upload  on  port  side  bays     . 
110\  tnav  be  combined  in  eses  of  up  load  on  tail — 

375  -  68-7  -  316-3  lbs.  up  load  on  starboacd  side  bays 


(3) 
(4) 
(7) 
(6) 
(9) 


(11) 
(W) 
(13) 

(U) 
(16) 
(16) 


It  18  aanuned  that  the  whole  of  the  side  and  tail  load  operates 
at  the  extreme  end  of  the  fuselage  and  two  diagramB  only 
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need  be  drawn,  one  for  the  top  and  bottom  bays,  and  one 
for  tlie  two  side  ba3r8.  This  has  been  done  in  FigH.  56  and  57, 
in  which  unit  load  is  placed  at  the  end  of  the  fuselage. 
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Pig.  56. — ^Torsion  op  Reak  Portion  of   Fuselaob 
(Side  Panels) 
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Pio.  57. — Torsion  op  Hear  Portion  op  Fuselage 
(Top  or  Bottom  Panki^) 
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The  Tariotui  faotom  murked  therDon  repraoni  the  oom- 
liarftUve  UmmIb  in  the  otlui  f  the  itniottire. 

The  actual  UmmIm  in  the  \  !iilR*r«  are  then  obtained 

by  drawing   up  a  table  Ruch   aii   Table    19    (inaet),    which 
ahowM  the  maximum  loadn.in  any  moml>er  for — 
(a)  Side  load  combined  with  douii  load  ; 
(6)  Side  load  combined  with  up  loail 
and. the    membem    must    be   designed    to    wiihiitand   thene 
maximum 


CHAPTER  XI 

FUSELAGE  (Continued) 

Case  5,  3  Times  Down  Load 

Just  as  down  load  was  considered  for  the  wings  so  its  effect  on 
the  fuselage  must  l>e  estimated.  It  is  a  case  of  reversed 
loading  in  which  the  "  anti-lift  "  or  **  landing  "  wires  take 
load,  the  ordinary  lift  wires  being  now  inoperative.  As  has 
been  previously  stated  in  Case  3  (Wings),  the  circumstances 
imder  which  such  a  condition  of  loading  may  exist  are — 

(a)  Possible  downward  gusts  on  the  wings,  or  when  looping. 

(6)  Reversal  of  loading  in  a  steep  dive. 

The  difference  l)etween  these  cases  being  that^  for  down 
loading  due  to  downward  gusts  the  centre  of  pressure  is 
probably  at  about  -3  of  the  chord,  whereas  in  the  case  of  a 
steep  dive  the  centre  of  pressure  is  very  probably  well  behind 
the  rear  spar,  in  which  latter  case  there  is  down  load  on  the 
front  truss  and  up  load  in  the  rear  truss. 

For  the  down  load  case  as  applied  to  the  fuselage  it  is 
usual  to  assume  the  C.P.  to  be  at  -3  of  the  chord,  and  to 
take  a  loading  of  3  times  load. 

The  normal  load  for  the  whole  machine  is  therefore  6000  lbs., 
and  this  is  to  be  divided  between  the  top  and  bottom  planes 
according  to  area  and  efficiency. 

These  loads  are  found  to  be  1720  lbs.  and  1280  lbs. 
respectively,  these  being  loads  for  one  side  of  the  machine  only. 

Of  the  1280  lbs.  on  the  bottom  plane,  1070  lbs.  is  transferred 
to  the  top  plane  by  the  anti-lift  wires,  and  is  added  to  the 
load  1 720  lbs.  already  there,  the  total  load  taken  on  the  front 
and  rear  body  struts  being  1070  +  1720  =  2790  lbs.,  whilst 
the  load  on  both  the  bottom  plane  attachments,  front  and 
rear,  is  210  lbs. 

With  C.P.  at  -3  of  the  chord,  these  loads  must  be  divided 
proportionately  between  front  and  rear  spars  (i.e.,  1950  lbs. 
and  840  lbs.  respectively  on  top  plane,  150  lbs.  and  60  lbs. 
respectively  on  bottom  plane). 

Assuming  as  before  that  drag  is  one-seventh  of  the  lift,  then 
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the  drag  loftd  on  the  top  piano  m  245  11m.,  and  on  the  bottom 
plane  in  185  Ibe.. 

The  tranaferenee  of  1070  Iba.  from  bottom  to  top  meana 
that  it  iH  alao  moved  forward  a  diatanoe  equal  to  the  atagger 
(i.e.,  24  inn.).  This  introduoea  a  oouple  of  moment  1070  X  24 
^  25700  lbs.  ins.,  tending  to  stall  the  machine,  and  afaice  the 
gap  is  56  ins.,  the  two  equal  horizontal  foroea  of  the  couple 

are    ^    «=  460  Iba.,  being  forward  on  bottom,  and  baokwarda 

on  top  plane. 


MOO  A*. 


Pio.  58. — DkAO  Loads  in  Body  Stbutb  akd  Bbaciko 
Down  Load,  Casb  5 

Loads  in  the  body  struts  and  side  bracing  may  now  be 
obtained  as  shown  in  Fig.  58,  these  loads  being  due  to  drag 
loacln,  loads  in  anti-lift  wires,  etc. 

The  loads  at  the  joints  of  the  structure  are  distributed  in 
exactly  the  same  proportions  as  in  the  fl>nng  case  for  the 
fusehige,  but  reversed  in  direction.  C^enerally  it  is  found  that 
an  upward  tail  load  is  sustained  by  the  tail  in  this  down  load 
case  so  as  to  maintain  balance,  and  in  order  to  determine 
this  load,  moments  about  the  C.G.  should  be  taken  of  all  the 
forces  operating. 

The  forces  operating  on  the  machine 

(1)  Reversed  lift  loads. 

(2)  Tail  loada. 

(3)  Drag  foroea. 

(4)  Thrust  of  propeller. 

(5)  Reversed  dead  loads. 


2000 

X 

24 11.8.  = 

- 

48000 

IGO 

X 

9-0  ins.  = 

+ 

1360 

60 

X 

39  inn.  =- 

+ 

2340 

1110 

X 

16-5  ins.  = 

+ 

18300 

1(130 

X 

2.3  ins.  = 

4- 

37600 

274 

X 

25-6  ins.  = 

+ 

7000 

L 

X 

181  ins. 
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Of  these,  the  moments  of  the  thrust  and  of  the  reversed 
dead  load  are  known  to  be  zero. 

In  Fig.  58  the  drag  loads  and  reversed  lift  loads  on  the  top 
plane  have  been  combined,  and  the  resulting  forces  in  the 
body  struts  and  bracing  determined. 

Taking  moments  about  the  C.G.  of  the  whole  machine,  in 
order  to  estimate  the  tail  load — 

Moment  of  load  in  front  body  strut 
Moment  of  load  in  bottom  front  spar 

attachment 
Mocnent  of  load  in  bottom  rear  spar 

Attachment 
Moment  of  load  in  side  bracing  wire 
McHnent  of  load  in  rear  body  strut 
Moment  of  bottom  drag  load 
Moment  of  tail  load    . 
+  and  -  signs  denote  stalling  and  nose-diving  moments  respectively. 

Summing  these  algebraically — 

+  66490-48000-181  L  =-  0 

^        18500       ,    ^„  .  , 

.*.  L  =  ■  =  102  lbs.,  approximately, 

which  is  an  up  load,  so  that  the  load  on  the  whole  tail  is 
204  lbs. 

These  reversal  lift  loads  ought  now  to  be. increased  in  the 
ratio  of  3100  to  3(K)0  because  of  the  up  tail  load. 

All  that  remains  now  is  to  find  graphically  the  forces  in  the 
various  meml)er8  of  the  fuselage,  as  is  done  in  Fig.  59. 

CRIPPLING  LOADS  ON  FRAME  MEMBERS 

From  Table  20  tlie  maximum  load  in  every  member  of  tlie 
structure  may  be  seen  at  a  glance.  For  compression  members 
the  crippling  load  as  struts  must  be  determined  according  to 
the  commonly  accepted  rules.  As  a  first  approximation  an 
assumption  is  made  to  the  effect  that  the  frame  joints  exercise 
no  fixing  effect  on  the  strut. 

This  is  an  assumption  on  the  safe  side,  but  how  much  on 
the  safe  side  is  rather  a  question  ;  probably  30  to  40%, 
according  to  type  of  fitting.  Generally  the  strut  is  of  such  a 
length  compared  to  its  cross-sectional  radius  of  gyration  that 

I 
it  cannot  be  considered  as  an  Euler  strut  (i.e.,  7  <  120,  where 

I  =  length  of  strut,  k  =  radius  of  gyration). 


V#M«  A.««lw 


3« 
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The  general  method  of  estimating  the  crippling  load  of  a 
strut  is  therefore  :    first  find  the  Euler  load — 

^•'-     ft 

where  E   =  modulus  of  elasticity  in  lbs.  per  sq.  ins.; 

/    ~  mean  moment  of  inertia  of  cross  section 

about  the  major  axis  ;  and 
I     —  length  between  centres  in  inches. 

It  should  be  noted  that  in  the  case  of  a  vertical  strut  the 
length  is  assumed  to  be  that  between  the  longeron  centres. 

Struts  are  generally  tapered  in  some  manner  and  that  is  the 
real  reason  why  the  mean  value  of  /  is  suggested. 

Reference  to  a  paper  read  before  the  Royal  Aeronautical 
Society  by  H.  A.  Webb,  M.A.,  and  published  in  their  official 
organ  in  April,  1919,  will  no  doubt  be  helpfid  and  instructive 
to  those  interested  in  the  tapering  of  struts  for  fuselages,  etc. 

It  must  now  be  estimated  what  is  the  value  of  7  for  the 

k 

strut,  where  k  is  the  radius  of  gyration  corresponding  to  the 

value  of  /  already  used. 


Now  Ak^=^  I;    k^  -  , 
A 


A  ■'■  *  -  V I 

-s 


and  7 
k 


where  A  =  mean  cross-sectional  area. 

If,  as  is  usual,  t    <  120,  then  the  strut  is  not  an  Euler  strut 
and  the  crippling  load  must  therefore  be  modified  as  follows — 

1  =  1  +  1 

where  P  is  the  modified  crippling  load  in  lbs.,  and 

Pc=fcX  A, 
f,  being  the  compressive  stress  in  lbs.  per  square  inch. 

Thus—  1       P.+P,        .        ,.       o        P.Pc 

_  =  __^_^^  „,,  ^^ertmg,  P  =  j-^p^ 
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It  b  pottible  that  a  member  m*y  fail  in  tcnikm,  fai  which 
cMe  the  failing  load  mu«t  be— 

/*. -A  Xil 
where  /,  ia  the  allowable  temile  itroM  for  the  mAleriftL 

In  the  oaee  of  wires*  which  are  alwayi  fai  Undoa  of  oonne, 
the  neareit  standard  size  wliich  will  take  the  load  is  ehoeen. 
Where  there  are  local  lateral  loads  on  longerons,  theae  membem 
must  be  considered  in  bending  with  ita  end  load,  and  if 
necessary  treated  as  a  continuoim  beam.  The  bending-momeot 
diagram  should  be  drawn  and  the  deflectioii  diagram  obtained 
by  graphical  integration  in  order  to  estimate  the  end  load 
liending-moment. 

The  combined  stress  must  then  be  found  due  to  bending 
moment,  end  load  bending- moment,  and  direct  end  load. 

Tho  crippling  loads  on  steel  tubular  oval,  and  dnmlar  section 
BtnitH  may  easily  be  found  by  use  of  the  curves  (Figs.  124,  125, 
126.  127,  128),  which  are  reprints  from  Air  Bfinistry  tube 
s{H*cificAtions.  These  curves  are  taken  from  Recenl  Researches 
I  in  Tttbular  Steel  SinUe,  and  permission  to  publiMh  them  in  this 
volume  has  been  very  kindly  given  by  Directorate  of  Research. 

CRIPPLING  LOADS  OF  STRUTS 

As  an  example  of  the  method  of  estimating  the  crippling 
liuuU  of  stmts  take  the  following — 

Maximum  actual  load  on  strut  J'  U  (Table  20,  inset),  = 
3660  lbs. 

I^t  dimensions  of  strut  be  1  -45  ins.  square  in  section,  the 
len^h  of  the  stmt  being  27  ins. 

No  tai)er  is  assumed  in  the  length  of  the  strut. 

The  moment  of  inertia  /  of  the  cross  section 
1-45  X  l-46» 


"■  12 

then  the  Euler  load 


=  -368  ins.* 


ir»  1-6  X  10«  X -868       .^^„ 
P.  = 2^, =  5820  lbs. 

E  being   assumed    1*6  x  10*  lbs.    per   square    inch,    and 
/«  =-■  ftSOO  lbs.  per  square  inch. 


i  ~  'V    -368 


*»•       -     ^        64.5<I«> 


•368  \  -368 

hence  the  strut  is  not  an  Euler  strut. 
/eXil   =   5500  X  2  1  =  11550. 


146  AEROPLANE  STRUCTURAL  DESIGN 

Then  P,  the  crippling  load — 

_  11550  X  5820  _  .«.^,, 

"~  11550  +  5820  ~*^*^*'^- 
Actual  load  in  strut  =  3660  lbs.  compression. 
.*.  Strut  is  up  to  strength. 

As  a  further  example,  take  strut  K*  N'  (Table  20), 
Length  of  strut  =  27  ins. 

Actual  maximum  load  =   1300  lbs. 
Strut  (parallel)  =   1*06  in.  square  in  cross  section. 


2 170  lbs. 


/ 

106xl05» 
~            12          ~ 

•10 

'  ins.* 

p. 

7r«  X  1-6  X  10« 

X 

10 

-                   27« 

I 
h 

=^VT-«^-^ 

/.  Strut  is  not  an  Euler  strut. 

/e  X  l-05«  =  6500  X  11  =  6050  lbs. 

6050  X  2170 
The  crippling  load  =  6050+ 2170  =  ^^^^- 

:,  Strut  is  up  to  strength. 


CHAPTER  Xn 

TAIL  PLANE 

In  iU  oapaoity  m  a  stabilizing  surface,  the  tail  plane  may  be 
subjected  to  either  an  up  load  or  a  down  load,  and,  although 
the  magnitude  of  the  down  load  is  unually  in  excess  of  the 
up  load,  yet  it  is  advisable  that  the  strength  of  the  tail  unit 
be  arranged  to  suit  both  circumstances  to  the  same  degree. 

The  centre  of  pressure  on  tho  tail  is  usually  assumed  to 
t  nivcl  between  -3  and  -5  of  the  cliunl.  These  extreme  positioiia 
are  indicated  in  Fig.  60. 


Fui-  00.— p«»Mmiis  or  Ckntrb  of  Prbbsurb  on 
Tail  Plans 


A  tail  (Irijju  1  t. . .  arry  its  maximum  load  as  given  in  Fig.  49 
with  tho  (M*.  ill  .nliti  of  those  or  any  other  intermediate 
position,  will,  in  gtm  lal,  bo  quite  safe.  The  C.P.  may  move 
in  advance  of  -3  of  the  chord,  but  this  takes  plaoe  at  small 
angles  of  incidence  when  the  lift  C(x»f!icient  in  small .  The  tail 
would  not  then  be  called  upon  to  carry  its  nuiximum  load. 

The  chord  of  the  tail  includoH  the  elevator,  being  measured 
from  tho  leading  edge  of  the  tail  plane  to  tho  trailing  edge  oi 
the  elevator. 

For  tail  planes  the  ratio  of  lift  to  drag  is  usually  greater 
than  for  main  planes  {i.e.,  4  to  1,  as  against  7  to  1  for  main 
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plam*H).     ThiM  in  clue  to  tit*    tt  '   m    '   'i  .    ■.«;.,,,  ,4  vlio  Uul 
plane  iit  Mymmotrieal  mul  n   •  ..  i..i  .1-  n,    i-  1  .foil  iiootion 

unod  for  main  planen. 

The  maximum  doHii  U»i*i  nniniticd  on  tin*  tail  m  liir)^rly 
depeticlinit  u|M)n  the  rate  at  wliiih  the  pilot  iit  alili*  to  pull 
tho  aeroplane  out  of  a  vertioAi  dive,  and  the  maximum  up  load 


*^   .  -  to 


.Citl 


Kio.  02. — Load  Cuuvb.   Front  Hpab,  CP.  at  -8  or 
THB  Chord 

.on  the  tail  ia  imposed  by  the  pilot  in  lowering  the  eleyalora 
quickly.  These  UmmU  are  not  easy  to  impose  on  Urge  and 
miKlerately  sized  machines,  but  on  small  aeroplanes  with 
well  balanced  elevators  they  are  within  the  power  of  the 
pilot  to  impose.  Fig.  61,  obtained  from  actual  macliines, 
gives  the  approximate  tail  area  as  fiO  sq.  ft. 

The  drag  load  is,  of  course,  oonsidered  simultaneously  with 
the  up  or  down  loads.  When  dealing  with  the  loading  on  the 
rear  spar»  partionlariy  for  CP.  at  -5  of  the  chord,  strictly 
speaking  the  load  on  the  elevator  is  transmitted  to  the  ivar 
sjwr  at  definite  points  and  not  uniformly,  theae  points  being 

U-pUT) 
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the  hinge  point*.     In  the  work  which  now  follows  immediately 
this  has  been  assumed  to  be  uniform. 

In  a  large  machine,  however,  the  load  must  be  considered 
as  concentrated  at  the  hinge  points  instep  of  Iwing  assumed 
uniform,  and  if  the  work  already  done  on  the  main  pLines 
ha^  l>een  thoroughly  grasped,  there  will  be  no  difficulty  in 
applying  it  here. 


/  2CMOMO* 

Fio.  63. — Load  Cukve.   Rear  Spah,  C.P.  at  -6  of  the  Ciiohd 


Load  Curves 

The  variation  of  load  intensity  from  the  tip  of  the  tail 
towards  the  centre  is  assumed  to  be  exactly  similar  to  that 
for  the  main  planes,  and  Figs.  62  and  63  represent  the  load 
curves  drawn  for  the  tail.  The  general  method  of  procedure 
is  exactly  similar  to  that  already  described  in  connection 
with  the  main  plane  calculations.  Using  the  load  curve  as 
drawn  in  Fig.  62  and  taking  first  the  case  for  centre  of  pressiure 
at  -3  of  the  chord,  the  upper  portion  represents  the  load  on 
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onehiilf  of  the  rear  MfMr,  and  the  lower  portion  reprawota 
the  load  on  ohe-half  of  the  front  h\ult. 

The  diiitanoeA  between  the  points  of  Muppori  must  be  eetl- 
nmted  and  the  diagram  divided  up  accordingly,  remembering 
that,  an  for  the  plancM,  the  lioritontAl  scale  is  S*6ilis«>  1 
chord  (i.e.,  1  in.       15  ft.). 

For  the  purfioHe  of  finding  the  scales  of  thiH  Bgure  the  area 
undcT  the  whole  cur\'e  miut  be  computed  ;  this  has  been 
found  to  Ik^  17-33  nq.  ins.     Now  the  load  on  one-half  the  whole 

tail  is  "^  lbs.»  hence    1  sq.in.    of  this   diagram  represent* 

The  mean  htigiii  of  the  curve  will  l>e  found  to  be 
17-33       .  ^^  . 

Tee  =  ^-^2  *^- 

The  mean  load  per  foot  run  along  the  spar 
=  -yi**'  =  1071  lbs.  i)er  ft. 

.*.  the  load  scale  is  given  by 

1071 
1  in.  =  Yto"  =  28-8  lbs.  per  ft.  run, 

and  the  tx^nding-moment  scale  for  the  B.M.  diagram  for  the 
iverhang  is — 

1  in.  =  28-8  X  1-5  X  1-5  =  04-8  lbs.  ft. 

In  order  to  insert  oh  this  diagram  (Fig.  62)  the  usual  necessary 
particulars,  the  separate  areas  in  each  bay  for  portions  <^ 
the  diagram  representing  both  front  and  rear  spars  must  be 
estimated,  and  the  corresponding  loads  calculated. 

The  overhang  bending-moments,  and  the  free  bending- 
momenttf  in  the  respective  bays  may  be  found  in  the  same  way 
as  was  done  for  the  main  planes. 

It  ought  to  be  noted  that  this  load  diagrani  will  do  for  both 
up  and  down  load. 

In  order  to  ascertain  which  ciuio  of  itNuung  will  be  moel 
severe  for  the  tail  plane,  it  is  necessary  to  roughly  inTeetigale 
the  four  cases — 

(1)  C.P.  at  -3  of  the  chonl.         Up  load. 

(2)  C.P.  at  -5  of  the  chord.         Up  load. 

(3)  C.P.  at  -3  of  the  chord.        Down  load. 

(4)  C.P.  at  -5  of  the  chord.         Down  load. 
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C.P.  AT   3  OF  THE  CHORD,  UP  LOAD 

Front  Spar 

The  front  spar  is  supimrted  at  four  points,  namely,  ihb  two 
point-s  of  att4ichment  of  the  front  external  bracing  wires,  and 
the  two  points  of  attachment  of  the  spar  to  the  sides  of  the 
rear  fuselage  ;  whereas  the  rear  spar  is  supported  at  three 
points  only  (♦.«.,  the  two  points  of  attachment  of  the  rear 
external  bracing  wires,  and  the  ix)int  where  the  rear  fuselage 


Fio.  64. — OFFSBrrs  of  Bracing  Wires 

converges  into  the  stem  post).  Thus,  on  the  front  spar,  there 
is  a  short  unloaded  centre  portion  passing  through  the  fuselage, 
but  there  is  no  such  centre  portion  on  the  rear  spar. 

Free  Reactions  at  Supports 

The  free  reactions  at  the  points  of  support  may  be  found 
from  the  load  curve  (Fig.  62),  but  will  be  modified  later  by 
the  fixing  moments.  These  free  reactions  at  the  inner  and 
outer  points  of  support  are  180  lbs.  and  245  lbs.  respectively. 

Offset  Bending-Moments 

The  offset  bending-moment  may  now  be  estimated,  since  the 
approximate  load  in  the  front  bracing  wire  is  e&sily  calculable, 
and  the  offset  distance  of  this  wire  is  shown  in  Fig.  64.     It 
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will  be  foimd  that  the  offset  bending-moment  clue  to  the  front 
bracing  wire  in  dOlbn.  ft.  approximately.  The  oTeriuwg 
bending -mu null t  at  the  out4*r  MUp|xjrt  in  obtained  by  m  double 
integration  of  the  load  curve,  which  may  be  done  graphioaUy. 

Tin  valiii*   uill  )m*  found  to  be  -  32  IIm    ft. 

Prattminary  Modiflad  Raaotioni 

Theee  are  to  be  obtained  by  solving  the  three  moment 
f<|UHtion8.  The  bending-moment  on  the  inner  aide  of  the 
Hup|)ort  in  GO  -  32  =  28  Ibe.  ft. 

lieneo,  for  the  front  spar — 

(0()  -  32)  4  35  +  2  If^  X  565  -f-  1-3  if ,^  =  -  2  y  4  35  y  196 

I.e.,  II  3if^  -H  l-31f,^  =  -  1700-122 
, .    12  OJ/,^  -=  -  1822  and  if^  =  -  145  lbs.  ft. 
The  mollified  reactions  will  therefore  bo — 

J?,  =     65  +  180  -  ^^  '^J^^^  =  205  lbs. 
4'3o 

iJ,  =   180  4-    40  =  220    „ 

Total  »  425  lbs. 

Retr  Spar 

In  a  similar  manner,  for  the  rear  spar,  C.P.  at  *3  of  chord, 
the  free  reactions  are  211  lbs.  and  228  lbs.  at  the  outer  and 
centre  supports  respectively.  From  the  up|)er  portion  of  the 
loa<l  diagram  (Fig.  62)  the  overhang  bending-moment  will  be 
found  to  Ix?  100  lbs.  ft.,  and  the  offset  lH»nding-moment  due  to 
the  H'ttr  external  bracing  win*  will  Ix'  found  to  Ik'  approximately 
«M»  lbs.  ft.,  hence  the  bending-moment  on  the  inner  side  of  the 
support  will  be  -  100  4-  60  =-  -  40  lbs.  ft. 

Hence  for  the  rear  spar — 

(-  100  4-  60)  5  X  2  +  21f  ,^  Xl0=:-2X5X143X2 
.-.  If,^  =  -  123  lbs.  ft. 

The  modified  reactions  will  therefore  be — 

123-40 
7?,  =     97  -f  114-  *-g  ~  =   104  lbs. 

/{,  =  228  +    34  =  262  lbs. 
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C.P.  AT  5  OF  THE  CHORD,  UP  LOAD 
Bear  Spar 

From  Fig.  63  the  overhang  bending-moment  is  found  to  bo 
-  123  lbs.  ft.  The  free  reactions  will  bo  found  to  be  395  lbs. 
and  500  lbs.  at  outer  and  centre  points  of  support  respectively, 
which  enables  the  offset  bending-moment  to  be  determined 
(i.e.,  -f  100  lbs.  ft.).  The  bending-moment  at  the  inner  side 
of  the  support  will  therefore  be  -  123  -f  100  =  -  23  lbs.  ft. 
Hence,  the  three  moment  equation  will  be — 

-  23  X  6  X  2  4-  2  ilf,^  X  10  =  -  2  X  6  X  312  X  2 
.-.  M^^  =  -  300  lbs.  ft. 

The  preliminary  modified  reactions  are  therefore — 

300—  23 

Bi  =   145  -I-  260 r =  340  lbs. 

6 

i?,  =  600  +  110  =  610  lbs. 

Front  Spar 

The  corresponding  particulars  for  the  front  spar,  C.P.  at 
•6  of  the  chord  are,  from  Fig.  63 — 

Overhang  bending-moment       =  -  8  lbs.  ft. 

The  free  reactions  at  outer  and  inner  points  of  support  are 
60  lbs.  and  45  lbs.  respectively,  and  the  offset  bending-moment 
at  the  outer  support  will  be  found  to  be  -f-  16  lbs.  ft.  The 
bending-moment  on  the  inner  side  of  the  outer  support  is 
therefore  16-8  =  8  lbs.  ft.,  and  the  three  moment  equation 
for  this  spar  is — 

8  X  4-36  -f  2  if,^  X  5-65  +  1-3  31^^=  -  2  X  4-35  X  49 
12-6Jf,^=  -  426  -  35  =  -  461 
.*.  Mt^=  -  37  lbs.  ft. 

The  modified  reactions  at  the  supports  are — 

37  -A-  8 
/Jj  =  16  -f  45- -r^  =  50  lbs. 

/?,  =  45  +  10  =  55  lbs. 

Drag  Forces  and  Force  Diagrams,  Up  Load 

Having  now  roughed  out  the  modified  reactions  for  the  cases 
of  up  load  with  centre  of  pressure  in  both  forward  and  rear 
positions,  it  is  possible  to  construct  diagrams  showing  the  loads 
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Pio.  05. — FdBCB  Diagram  C.P.  at  ^S  of  tiik  Chord. 
Up  Load 
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Pio.  00.— For<?b  Diagram.  C.P.  at  -ft  or  tbb  Cbobo. 
Up  Load 
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in  the  bracing  (internal  and  external),  and  the  tail  plane  spare. 
This  has  been  done  in  Figs.  65  and  66,  where  it  will  bo  noticed 
that  the  drag  forces  have  been  inserted  along  with  the  up 
load  reactions.     These  drag  forces  are  determined  grapliically 


Fio.   67. — Drag  Coeffictkntw  Diagram.      Up  Load 

by  means  of  the  drag  coefficient  diagram  (Fig.  67),  which 
corresponds  to  the  ones  constructed  for  estimating  the  wing 
load  drags,  and  needs  no  further  description  here. 


C.P.  AT    3  OF  THE  CHORD,  DOWN  LOAD 

Front  Spar 

Similar  particulars  to  those  obtained  for  the  up  load  case 
are  required  for  this  down  load  case,  and  are  derived  from 
Fig.  62,  namely — 

Overhang  bending-moment  =  -  32  lbs.  ft. 

Free  reactions  at  outer  and  inner  supports  are  245  lbs.  and 
180  lbs.  respectively,  which  enables  the  offset  bending-moment, 
due  to  the  upper  external  bracing  wires  being  offset  1  in.,  as 
sho^Mi  in  Fig.  64,  to  be  estimated. 

This  will  be  found  to  be  -|-  38  lbs.  ft.  at  the  outer  support. 
The  bending-moment  on  the  inside  of  this  support  is  therefore 
38-32  =  6  lbs.  ft. 
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The  three  moment  eqoAtioii  to  obtain  M^  ie  thewlore 
6  X  4-35  4^  126 M,^  »  -  2  X  4*35  X  196 
12*6  Ifs^s  -1700-26 

henoe  ^H  ^  "  ^^^  '^'  ^' 

The  modified  reaotioiui  at  the  outer  And  inner  pofaite  of 
su|i|K>rt  become 

j?.  »     66+  *^-^:S^'-  2121be. 

i?,  »   180+    33  »  213  Ibe. 

Total     -  425  Ibn. 

Rear  SiMir 

From  Kig.  62  the  overhang  bending-moment  at  the  outer 
support  in  -  100  lbs.  ft.,  and  the  free  reaotionH  for  the  outer 
and  central  supports  are  21 1  lbs.  and  228  Ibe.  reepectiTely. 

The  oflbet  bending-momcnt  at  the  outer  support  is  therefore 
-f  36  lbs.  ft.,  so  that  the  bending-moment  on  the  inner  side 
of  the  outer  support  is  -  100  -f  36  =  -  64  lbs.  ft. 

The  equation  of  three  moments  for  the  rear  spar  for  this 


-64x5x2-f-2if,^Xl0  =  -2x5xU3x2 
.-.  M^=  -111  lbs.  ft. 
The  modified  reactions  are  therefore — 

Ri  =     97  +  114  -  *'^"'^=  2021bs. 

o 

i?,  =  228  +    18  =  246  lbs. 

CJP.  AT    5  OF  THE  CHORD,  DOWN  LOAD 
Ratr  Spar 

From  Fif?.  63  the  overhang  bending-moment  is  -  123  lbs.  ft., 
and  the  free  reactions  are  395  lbs.  and  500  lbs.  at  the  outer 
and  centre  points  of  support  respectively. 

The  oflfset  bending-moment  +  63  lbs.  ft.,  so  that  the  bending- 
moment  on  the  inner  side  of  the  outer  support  ia — 

-123-f  63  =  -60lbs.ft., 
hence  the  three  moment  equation  will  be — 

-60x5x2  +  2Jf,^XlO  =  -2x5x312x2 
/.  M^  =  -286  lbs,  ft. 
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Modified  reactions  at  outer  and  centre  points  of  support  are 
therefore — 

OQft     a 

/?j  =   146  -f  260-.—^  =  350  lbs. 
a 

/J,  =  600  -f    90  =  690  lbs. 

Front  Spar 

From  Fig.  63,  again,  the  overhang  bending-moment  is 
-  8  lbs.  ft.,  and  the  free  reactions  are  60  lbs.  and  4')  l!)s.  at 
the  outer  and  inner  points  of  support  respectively. 

The  offset  bending-moment  is  -f  9  lbs.  ft.,  hence  the  beridiiig- 
moment  on  the  inner  side  of  the  outer  support  ii 
-8  +  9=4-1  lbs.  ft. 
Equation  of  three  moments — 
1  X  4-35  +  12-6  if  j^=  -426 
I2-6ilf,^=  -430 

if  ,^  =  -    34  lbs.  ft. 
The  modified  reactions  are — 

34  4-  1 
R^=   15  -f  45  -  -ri^  =   52  lbs. 
4'J5 

iJ,  =  45  -f    8  =53  lbs. 


Drag  Forces  and  Force  Diagrams,  Down  Load 

Force  diagrams  showing  the  loads  in  spars  and  bracing 
wires  may  now  be  constructed  as  in  Figs.  68  and  69. 

The  drag  forces  are  determined  from  the  drag  coefficient 
diagram  (Fig.  70),  and  are  inserted  in  Figs.  68  and  69  in  order 
to  estimate  the  loads  in  the  various  members  of  the  structure. 

An  examination  of  the  Figs.  65,  66,  68,  and  69  will  reveal 
the  fact  that  the  up  load  case  is  the  one  which  induces  larger 
stresses  in  the  structure  generally,  and  so  it  is  proposed  to 
neglect  the  down  load  case  at  this  point  and  devote  all  the 
attention  to  that  of  the  up  load. 

This  conclusion  might  have  been  arrived  at  earlier  by  an 
experienced  designer,  since  it  would  have  been  observed  that 
the  angles  of  the  external  bracing  wires  on  the  under  side  of 
the  tail  plane  are  smaller  than  those  of  the  bracing  wires  on 
the  upper  side,  thus  producing  heavy  end  load  in  the  spars. 

However,  the  force  diagrams  (Figs.  68  and  69)  are  necessary 
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Fio.  08. — FoRCB  Diagram  C.P.  at  '3  of  ram  Ohobd. 
Down  Load 


PlQ.  09.— FOKCB  DlAQRAM  C.P.  AT  'fi  OF 

Down  Load 
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in  order  to  obtain  the  loads  in  the  upper  external  wires,  but 
the  spar  stresses  are  only  found  for  the  up  load  case  which 
oovers  the  other  case  in  that  respect. 
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C.P.  AT    3  OF  THE  CHORD,  UP  LOAD 

Final  Calculations,  Front  Spar 

Having  decided  that  the  up  load  case  is  the  one  producing 
the  maximum  stresses  in  the  spars,  then  the  calculations 
essential  to  the  estimation  of  the  stresses  ought  now  to  be 
made.  The  procedure  is  exactly  similar  to  that  for  the  wing 
cases  where  the  Webb-Thome  method  was  applied. 

Table  22  is  a  tabulation  of  the  quantities  leading  up  to  the 
three  moment  equations  for  the  front  spar  using  Webb-Thome 
method,  where  it  will  be  seen  that  the  same  value  of  E  has  been 
assumed  for  the  material. 

The  value  of  /  is  obtained  by  the  graphical  method  previously 
recommended,  and  it  will  be  noted  that  the  tail  plane  section 
adopted  is  such  that  the  depth  of  both  front  and  rear  spars  is 
the  same. 

At  this  point  a  trial  guess  would  be  made  of  the  spar  sections, 
and  this  may  be  done  very  closely  after  some  experience  has 
been  gained.     Fig.  71  shows  the  section  decided  upon  in  this 
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(MMie,  where  the  valuen  of 
of  the  MOtioii  aro  alio  givvn. 


of  inortU,  aiid  moduiuii 


0^fiCr  B.M.-  ^^fSf^^ '  49  ^ft 


TABUS  tS 


/In.* 

Rnd  WmmI 
w  Iba.  per  ft. 

4 

F 

1-038  5- 


1  ^ 


TOP, 


AIb    Aft 

4(il,  +  A/ J 

101 


(1^) 


13 
15-6 
1-76 

115.000 

-  SIO 

115,310 

0 


100 
1-00 
1-00 

•668  X  10^» 

147       -  147 

-   147 

100 

0 
0 
0 


On  the  oompfetion  of  the  UbulatioD  of  Table  22,  the  final 
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modified  reactions  are  determined  by  solving  the  three  moment 
equations  as  follows,  from  (!)♦  in  Appendix. 

31  X  1  X  2-3  X  10-»  +  2  if,^  X  1  X  2-3  X  lO"*  -f-  392  X  1 
X  2-31  X  10-»  -f-  if  ,^  X   1   X  -668  X   10*  -|-  2  if  ,^  x  1 
X  -66  X  10-*  =  0 
then 

4-62  M^^  -f  -668  if,^  -f  1-336  if  j^  =  -  906  -  72 
6-624  M^=^  -  977 


/.  M^ 


-  147  lbs.  ft. 
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Fig.  71 
Probable  Spar  Section 


The  final  corrected  reactions  are  therefore — 

28  -h  147 


U,  =     65 -f  180- 
R^  =   180  +    40 


4*36 


=  205  lbs. 


220  lbs. 


which  by  comparison  with  those  preliminarily  estimated  will 
be  found  to  be  identical.  Hence  the  diagram  (Fig.  65)  remains 
unaltered. 

*  Figiutw  refer  to  formulse  numbers  in  Webb*Thome  method  in  Appendix. 
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BendiDC-Moment  Diagram 

The  beiuling-moment  at  variouA  poinU  along  the  spar 
inward  from  tbe  out«r  support  ahouki  now  be  eomputed  in  the 
Mune  way  aa  was  done  for  the  wing  span.  Thtia,  the  bending* 
moment  nt  Xhv  mid  point  of  the  bt^y  is  given  by  equation  (t) 

in  till'  Ap)Kii<lix. 

10250 


M. 


9036 


(-58  X  10  +  200) 


142   -  147ib«.ft. 


and  the  maximum  bending-moment  is  given  by  (3)  Appendix  — 

M^  ^  147  4-   10  -   157  lbs.  a. 
the  dintaneo  a  is  given  by  (4)  Appendix 
-178 


2176    +B 


82-8  X  4-36 


2176- -496  :=  l*68ft. 


c,  =  2176    --Ox  -496-1-  1-2 


167 

rx-:  from  (66)  Appendix 


=  2176    -  -446  4-  1-66  =.  3-38  ft. 

Idealizing  that  the  bending-moment  is  constant  along  the 
centre  bay,  and  that  the  overhang  bending-moment  may  be 
copied  from  the  loml  curve  (Pig.  62),  it  is  now  possible  to  draw 
the  bending-moment  diagram  for  the  spar  by  joining  up  the 
pointM  already  found  by  calculation  (see  Fig.  72). 
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Table  of  Stresses 

On  tho  diagram  Fig.  72  the  limitA  of  spiiuiling  of  the  spar 
are  indicated  by  a,  6,  d,  etc.,  and  a  table  of  the  stresses  has 
been  made  (Table  23),  from  which  it  will  be  seen  that  the  stress 
is  not  excessive  at  any  point. 

Shear  Dae  to  Bending 

From  Fig.  72  it  is  socmi  that  the  shear  force  is  a  maximum 
at  point  rf,  its  value,  /',  obtained  from  slope  of  bcnding-momcnt 
diagram,  being  180  lbs. 
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Fio.  72. — Bending-Moment  Diagram.    Front  Spaji 
C.P.  AT  -3  OP  THE  Chord.    Up  Load 


The  shear  stress — 


2^       32 
•312  ^ 


23752 
8 


180    (  /  1- 
~"  1-76  (  V3] 

180    (  1-2        3-37    ,     ^) 

=  T:76i:3i2x-r  +  -^^'i 


2-3752\  ) 


— +  -^;j 


8 


180 
1-76 


X    2-324 


=  240  lbs.  per  in.*  which  is  quit<5  allowable. 
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CJ^.  AT    6  OF  THE  CHORD,  UP  LOAD 

Final  Cilocilalioiii»  Bear  Spar 

The  prooedure  of  oalouiating  the  itrmMi  in  the  rear  spar 
doee  not  differ  in  any  way  from  that  obtaining  in  tlie  cam)  of 
the  front  spar  which  hait  jimt  been  compleUxl. 

Table  24  must  be  compiled,  followed  by  the  mjlutiou  ot  the 
equations  as  follows,  which  give,  (1)  the  fixing  momenta,  and 
(2)  the  bending-moment  at  various  pointa  along  the  spar. 


OffS€r  AM-  M^Jtlf  .|Ma«A 

TABLE   24 


8|»n(fi.)        .     .     . 
Sp^dn..)      .      .     . 
/in.*         .... 

/-,  -     p—     •      •      • 

5.0 

60 
1-76 

7790 

End  loAd  (oMnp.)     . 
P.^P       .      .      .      . 
•0IU.  per  ft.        .      . 

4 

1283 

6497 

100 

624 

P 

1  +  0-2^      .      .      . 
P* 

•165 

1033 
0.9373 

•  p-     ■ 

0-9976 

SOS  X  io-» 

-  20        -  305 
- 1625 

{P.-P)i 

Ml        Af^     .     .     . 

HM,  +  ^J  .     .     . 

..o.(-)        .    . 

{ftiftV  •  •  • 

1-0429 

318 
-285 
I6>26 

ia-<»47) 
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The  equation  for  the  fixing  moment  at  the  centre  point  of 
support  becomes 

-  20  X  1036  X  308  X  10»  X  2  -h  2  Jf,^  X  -9373  X  308 

X  10-»  X  2  4-  624  X  -9976  X  308  X  lO*  X  2  =.  O 

1-9746  Jf,^  =  -  623  -f  21  =  -  602 

.*.  M^^  =  -  306  lbs.  ft.,  from  (1)  in  Appendix. 

The  final  corrected  reactions  are  therefore 

306  —  23 
/?,=   146  -I-  260 =   340  lbs. 

/?,=  600  4-110  =  610  lbs.  * 

These  reactions  are  practically  the  same  as  those  already 
preliminarily  estimated  for  this  case,  and  so  the  diagram 
(Fig.  66)  showing  the  loads  in  external  and  internal  bracing 
and  end  loads  in  spars  remains  unaltered. 

Bending-Moment  Diagram 

As  is  done  for  the  front  spar  the  bending-moments  at  several 
points  may  now  be  found. 

Utilizing  the  several  formulae  in  the  Appendix,  as  was  done 
for  the   front  spar,   then — 
the  bendihg-moment  at  the  mid  point  of  the  inner  bay  is 

7780 
M„i,  =  6497  (-  162-5  X  10429  +  318) 

7780  X  148        ,„,,      ^ 
=        6497         =   177  lbs.  ft. 

and  the  maximum  bending-moment  in  that  bay  is  given  by — 

Mmaz  =   177  -f  16  =   193  lbs.  ft. 

286 
The  distance  a  =  2-6  -  ,^—7^ 

lUU  X  ^ 

=  2-6 --67    =    1-93  ft. 

VI 93 
loi) 

=  2-6-  -513  -h  1-67  =  3-667ft. 
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A  diagram  fthowing  the  bending- moment  ni  hhv  rw>inf  nlong 
the  ipar  may  now  be  drawn. 

Fig.  78  shows  the  diagram  and  indicateh  iiic  puuiu  a,  b,  d, 
where  the  spindling  terminates. 
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Fiu.  73. — Bbndinci-Momknt  Diaoham,  Rear  Spab  CJ*.  at 
•5  OK  TiiK  riioKD.     ITp  Load 

Table  of  Stresses 

These   are   tabulated   in  Table  25,  from  which  it  will  be 
observed  that  the  stress  is  not  excessive  an3rwhere. 


TABLE 

36 

End 

B.lf. 

E.L. 

ToUl 

m^y^jfln, 

iliii." 

2  in.* 

B.M. 

L<MUl 

8tr«H. 

Straw. 

8tl«M. 

F/S. 

lbs.  ft. 

Ibc. 

lb«./tlL« 

lba./in.* 

Ih«./m.« 

16 

117 

60 

_ 

•30 

^ 

930 

O.K, 

la 

S-66 

ISS 

123 

— 

1110 

— 

1110 

16 

S-SS 

IS9 

to 

1133 

180 

430 

600 

M 

1*6 

M7 

30 

1133 

310 

700 

1010 

M 

1*6 

117 

103 

1311 

1060 

830 

3800 

M 

1-S 

117 

S04 

1403 

3460 

860 

3340 

U 

t^ 

1-3S 

306 

1403 

3760 

630 

3380 

•• 

Shoar  Dae  to  Bending 

From  the  bending-moment  diagram   (Fig. 
maximum  at  d. 


73),   this  is  a 
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The  shear  force  jP  is  found  to  be  245  lbs.,   and  therefore 

g  —  ?^   X  2-324  =  325  lbs.  per  in.*  which  is  allowable. 
^         1*76 

NOTE  ON  TAIL   SECTIONS 
Fig.  74  shows  two  shapes  of  section  wliich  are  in  present  use. 
If  the  resistonce  of  the  taUcan  possibly  be  minimized  by  the 


Pig.  74. — Shapes  op  Tail  Sections 

use  of  a  particular  section,  then  the  designer  will  use  his 
discretion  as  to  its  adoption.  The  section,  however,  must 
have  sufficient  depth  to  admit  of  a  sufficiently  strong  spar 
being  inserted.  Other  shapes  in  use  are  aerofoil  sections 
inverted  for  seaplanes  and  flying  boats  where  down  lift  is 
desired,  to  balance  the  propeller  thrust  moment  about  centre 
of  gravity. 


Plate  6 
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VicKERs'  ••  ViMY  '•  Bomber,  showing  construction 
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LANDING  GEAR 

TiiK  whole  nluK'k  of  liindiii^  may  cither  bo  t«ken  on  the  tanduig 
gear  aloiu*.  ait  im  iiMial.  m  it  may  be  proportionately  divided 
betwetm  the  whet^ln  ami  the  it»ar  Hkid.  Experience  hiie  shown, 
however,  that  if  the  hinding  gear  in  dcaigned  so  a«  to  withstand 
the  load  due  to  landing  on  the  wheels  alone,  then  it  will  be 
quite  HatiKfactory  for  the  second  case.    When  !•  on  the 

wIuh'Im.  the  attitude  of  the  aeroplane  wiU  be  sucii  tie  load 

reaction  at  the  |>oint  of  contact  of  the  wheels  and  the  ground  is 
in  Huch  a  dire(*tion  that  it  pasiiea  through  the  centre  of  gravity 
of  the  whole  machine,  but,  as  a  general  nde,  it  is  quite  satis- 
factory if  the  direction  of  the  load  reaction  is  perpendicular 
to  the  wing  chord. 

The  usual  factor  is  that  of  5  (i.e.,  the  landing  gear  must 
withstand  6  times  the  static  weight  of  the  fully  loade<i  machine), 
so  that  each  side  of  the  landing  gear  must  withstand  21  times 
the  weight  of  the  machine.  Of  the  several  tyi^es  of  landing 
gear,  the  or.e  known  as  the  V  t}^  is  the  most  popular,  and 
this  is  the  t}'pe  to  be  considered  in  these  calculations. 

In  this  tyjH*,  as  a  general  rule,  the  front  struts  only  ars 
braccMl.  Using  a  factor  of  5,  the  load  at  each  wheel  whc«  the 
aeroplane  is  hinding  on  its  wheels  alone  is  5830  lbs.,  the  weight 
of  the  whole  machine  being  2330  lbs. 

Two  or  thriH*  projected  views  of  the  landing  gear  ought  now 
to  be  drawn,  in  outline  only,  as  is  done  in  I^g.  75.  Treating 
the  figure  as  a  simple  space  structure  and  applying  the  method 
of  estimating  the  loads  known  as  the  *'  Gauche  **  method  of 
solution,  in  which  the  force  polygon  consists  of  two 
the  one  projecteil  from  the  other,  and  whose  outlines 
respectively  parallel  to  the  various  members  in  the  two 
projected  views  in  the  ixmition  diagram. 

The  two  views  in  the  position  diagram  which  have  been  ohoseii 
are  the  side  and  front  elevations,  as  will  be  seen  in  Fig.  75. 

The  drawing  of  the  force  polygons  will,  no  doubt,  be  easily 
followed  from  this  same  figure.  Since  neither  of  the  force 
IHilygons  necessarily  shows  true  lengths,  it  follows  that,  in 
order  to  road  off  the  actual  forces  in  the  various  members,  a 
composition  diagram  showing  true  lengths  must  be  drawn. 
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Actually  the  force  polygons  in  Fig.  75  represent  two  distinct 
cases  of  landing — 

(a)  Landing  on  both  wheels  simultaneously,  in  which  case 
there  is  no  load  imposed  in  the  cross  bracing,  and  the  force 


V.A-A 


CoMPOilTtON  DlAG^tAA^ 

Fio.  75. — Landing  Gear.     Diagram  of  Forces 

polygon  is  represented  by  1,  2,  3,  4,  but  there  is  some  tension 
in  the  axle  or  cross  tubes. 

(6)  Landing  on  one  wheel  when  there  is  load  in  the  cross 
bracing  and  none  in  the  cross  tubes,  the  force  polygon  being 
represented  by  1,  2,  3',  4. 

From  the  composition  diagram,  a  table  of  loads  has  been 
drawn  up  for  the  two  cases,  as  follows,  tensile  loads  being 
shown  negative — 


MncBSB. 

Landing   on    both 
wheels  at  5  times  load. 

Landing  on   one 
wheel  At  2^  times  load. 

Front  •trut,  2.  3     .      .      . 
Rear  strut.  4,  I       .      .      . 

Axle.  3,  4 

Bracing  wire,  3',  4.      .      . 

5330  lbs. 
2260  Iba. 
-  3600  Iba 
lero 

0820  lbs. 
2250  lbs. 
zero 
-  6940  lbs. 

L.\Mj1N(J  gear  171 

LANDING  GEAR  STRUTS 

These  may  be  either  of  Htr«iiiiiliii<-  Hpruce  or  utrwunlme 
meUl  tube,  or  again  a  common  f«Min  i^  thi*  round  metal  tube 
with  wooden  3  to  1  fim*neHM  ratio  fairing  attached,  when, 
aooording  to  the  auEe  of  thii*  fairing,  the  member  may  take 
much  more  compreemve  load. 

Assuming  that  wooden  struta  are  to  be  utilized,  then  the 
folldwtng  nif*t)i«Hl  iiukv  bo  utted. 

Front  Strut 

Maximum  load  in  '>^'<it  nH20  IbH.  Approximate  length 
=  34r>in.     Pin  join'  -umed.    Strut  assumed  to  be 

made  of  8pnice  and  s  to  l  {  ii.illtl  streamline  section. 
.'.  /     =    -132/*  where  /        niaximmn   thickiicMs. 
ir>l-6xlO«Xl32(« 


9820  = 


34-5« 


9820  X  34  5*  „  «,  •     . 

'•''    =;?iri.6X   10.x. 132  =  ^-«**«-' 

..  /      =   I'M  ins. 

The  value  of  t  for  this  strut  wiU  be  found  to  be  about  100, 

so  that,  strictly  speaking,  the  strut  will  fail  at  a  load  lees  than 
9820  lbs.,  as  explained  on  page  142. 

In  view  of  the  fact  that  the  strut  is  being  designed  for  a 
severe  case,  the  value  of  i  just  found  would  be  sufficiently 
accurate  to  meet  the  conditions  of  the  case. 

The  dimensions  of  the  strut  section  will  be.  therefore, 
1-54  ins.  X  4-62  ins. 


Bear  Strat 

Maximum   load  in  strut,   2250  lbs.     Approximate  length 
ss  48  ins.     Other  conditions  as  for  front  strut. 
/  =     132/* 
.^^'^l-ex  10ix.l32M 

.    ,4=. 2250  X  48«         ^ 

7r«l-6  X  10«  X    132 
..  /     =   1-25  ins. 
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The  value  of  t-  is  155,  so  that  this  is  an  Euler  strut,  and 

therefore — 

Its  section  will  Ik*  1-25  ins.  X  3-75  ins. 

If  circular  tubes  be  used,  then  the  same  method  applies, 

except  that  /  is  now  = ^ where  D  and  d  are  the 

outer  and  inner  diameters. 

If  it  is  decided  to  use  parallel  streamline  tubular  struts,  then 
it  should  be  remembered  that  for  a  3  to  1  ratio  it  may  be 
assumed  that  such  a  strut  has  the  same  strength  as  a  circular 
tubular  strut,  whose  diameter  is  1-5  times  the  minor  axis  of 
the  streamline  section,  other  things  being  equal. 

Landing  Gear  Axle 

The  bending- moment  on  the  axle  is  constant  between  the 
points  of  attachment  to  the  landing  gear  struts  and  equal 
to  5830  X  Sins.  =  29150  lbs.  ins.  ;  5  ins.  being  the  mean 
overhang  of  the  wheel. 

Using  axle  tubing  If  O.D.  X  11  S.W.G.,  and  Air  Board  or 
British  Standards  specification  T2,  the  ultimate  bending  and 
tensile  stresses  of  which  are  about  80  and  85  tons  per  square 
inch  respectively. 

The  modulus  of  the  tube  section  will  be  found  to  be  -2283, 
hence  the  bending  stress 

29150 
=  "72283  ^  128,000  lbs.  per  sq.  ins. 

which  is  quite  allowable. 

Cross  Bracing  Wire 

A  i^n  in.  B.S.F.  streamline  wire  (5600  lbs.)  would  probably 
be  found  to  give  no  trouble.  The  condition  that  the  wire 
takes  6940  lbs.  is  rather  severe,  and  this  load  would  not  be 
reached  when  merely  taxi-ing  sharply  round  or  running  over 
an  average  aerodrome. 

REAR  SKID 

The  skid  considered  here  is  of  the  all-steel  type,  where 
helical  springs  are  used  for  absorbing  the  shock  at  landing. 
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The  problem  of  attimattng  the  loadu  in  the  varioiu  roembeni 
b  attAoked  in  practically  the  unme  way  an  if  rubber  ahook 
abaorberi  were  umhI. 

Aa  in  the  cane  of  the  landing  gear,  the  gkid  ahould  atand  up 
to  about  5  times  its  static  load. 

When  the  machine  is  on  the  ground  the  load  taken  by  the 
akid  is  easily  found  when  the  |K)«ition  of  the  CO.  ia  known. 
In  the  pn»sent  case  it  is  240  lbs.,  which  at  5  timea  load  beoomaa 
1200  lbs.,  and  ia  awiimad  to  act  normal  to  ground.    Fig.  76 


UiO  txvc^ 


CMCCtC   MV^ 


cafou»*o 


Flo.  76. — Obnbral  Arrangkmbnt  of  Rbar  Skid. 
Fully  Bxtbnded  PoemoN 

shows  the  skid  in  \\s>  fully  extendcil  position.  It  is  seen  that  the 
vertical  skid  post  is  hinged  to  the  bottom  fin  tube,  a  lever  being 
fixed  to  its  upper  end.  The  lever  is  connected  by  a  wire  to 
the  rudder  bar,  thus  making  the  skid  steerable.  It  is  not 
adviaable  to  use  the  rudder  control  cables  for  this  purpose, 
aa  the  cable  might  get  strained  to  such  an  extent  whilst  being 
used  for  steering,  preparatory  to  taking  off,  that  when  in  the 
air  the  rudder  control  loads  might  be  sufficient  to  break  the 
cable,  rendering  the  rudder  useless. 
The  akid  shoe  ia  connected  to  the  skid  arm,  which  ia 
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to  the  lower  end  of  the  skid  post.  Two  springs  are  used. 
These  are  placed  between  the  top  of  the  skid  shoe  and  the  top 
of  the  skid  post,  at  which  places  sockets  are  arranged  as 
indicated. 

The  springs  are  held  side  by  side  in  the  following  manner. 
Two  tubes  about  Sins,  long,  which  will  just  fit  inside  the 
springs,  are  brazed  in  position  on  the  top  socket. 

Similarly,  tubes  are  brazed  to  the  bottom  socket,  but  of  a 
smaller  size,  so  that  they  will  telescope  into  the  two  fitted  to 


Fig.  77. — Force  Diagram  for  Skid.      Closed  PosmoN 


the  top  socket.  Thus,  when  the  springs  are  in  position,  the 
tubes  act  as  guides  and  at  the  same  time  allow  the  spring  to 
compress. 

In  the  normal  position  the  springs  are  given  a  small  initial 
tension  by  means  of  a  short  piece  of  cable  connecting  the  top 
and  bottom  sockets. 

In  order  to  obtain  the  loads  in  the  members,  the  normal 
position  of  the  skid  should  not  be  taken,  for  as  soon  as  load  is 
applied,  the  springs  compress.  Thus,  in  the  case  of  elastic 
absorbers  the  position  of  the  skid  for  various  loads  must  be 
found  by  trial  and  error,  as  the  extension  of  the  elastic  is  not 
directly  proportional  to  the  load.  In  the  case  of  the  spring, 
however,  the  deflection  can  be  obtained  at  once  for  a  given 
spring  and  kno\*Ti  loads. 

Set  out  the  skid  as  in  Fig.  77,  assuming  a  4  ins.  deflection 
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of  the  MpringB.  The  load  taken  by  them  in  thiji  position  is 
1610  IhM.,  or  805  Ibe.  Moh.  Thtui,  a  spring  is  required  which 
will  carry  a  load  of  about  800  lbs.  at  4  ins.  defleetkm. 

Suppose  the  springs  were  of  4  gauge  steel  ('232  ins.  diameter 
wire),  mean  radius  of  coils  -45  ins.,  85  working  coils. 

The  rate  of  the  npring  or  the  load  required  to  compress  it 
1  in.  is  given  by 

Nd^  12;5  X  I0«   X    m* 

MEhi  "^       64  X  •45»  X  35      "  »WlDi. 
Two  such  springs  satisfy  the  conditions  exactly,  prorkled 
the  shear  stress  is  not  excessive. 
It  is  given  by — 

.        16  If/?        16  X  800  X  -45        ,^„^,.^  .    , 

^'  =    ird*     =        n  X  '232»        =  **^*^  **^"-  P^'  '"' 

This  shear  stress  is  rather  high,  but  if  the  deflection  of  the 
springs  were  limited  to,  say,  3*5  ins.,  then  the  arrangement 
would  be  satisfactory. 

The  remainder  of  the  work  hardly  needs  comment,  it  being 
necessary  to  see  that  (1)  the  nkid  post  can  take  any  bending 
stresses  ;  (2)  that  the  skid  tube  is  fairly  stiff,  since  the  reaction 
may  not  pass  through  the  pin  at  the  spring  socket,  thun 
causing  the  skid  tube  to  take  iK^nding  ;  (3)  that  the  whole 
arrangement  will  be  able  to  withstand  a  load  in  the  control 
cable  corresponding  to  a  load  of  100  lbs.  applied  at  the  pilot*s 
foot ;  (4)  that  the  loads  coming  on  the  members  of  the  skid 
can  be  safely  transmitted  to  the  fuselage. 


CHAPTER  XIV 

CONTROL  SURFACES 
Ailerons 

To  determine  the  intensity  of  air  loading  upon  any  of  the 
control  surfaces  of  an  aeroplane  with  some  degree  of  exactness 
is  not  the  easiest  of  matters  in  the  absence  of  experimental 
work,  and  of  all  the  control  surfaces  the  ailerons  are  probably 
not  the  least  difficult  in  this  direction. 

Some  attempt,  however,  must  be  made  from  the  standpoint 
of  design,  and  it  is  suggested  to  employ  the  two  following 
methods  in  making  an  estimate  of  the  loading,  and  then  to 
design  the  ailerons  to  the  greater  of  the  two  loadings  obtained 
from  these  methods. 

(a)  In  ordinary  steady  flight  with  the  centre  of  pressure  at 
•5  of  the  chord,  the  ailerons  are  performing  their  duty  as 
lifting  surfaces,  and  are  probably  subjected  to  the  worst 
conditions  of  loading  they  can  experience.  From  the  load 
curve  (Fig.  20),  the  load  on  the  top  wing  from  the  wing  tip 
to  the  inner  end  of  the  aileron  {i.e.,  a  length  of  7  ft.)  is  97  X  11-2 
=  1088  lbs.  Now  since  the  centre  of  pressure  is  at  -5  of  the 
chord,  and  assuming  a  parabolic  distribution  of  load  along 
the  chord,  the  load  taken  by  one  aileron  when  operating  as  a 
lifting  surface  will  be — 

2-08»  [3x5-75 -2  ^2^]  ^  ^^^^  ^  ^^^  ,^^ 
6*7o* 

the  wing  and  aileron  chords  being  5-75  ft.  and  2-08  ft. 
respectively. 

Fig.  78  shows  diagrams  illustrating  the  variation  of  loading 
along  the  chord  for  C.P.  at  -3  and  at  -5  times  the  chord.  The 
area  of  one  aileron  =  15  sq.  ft.,  hence  the  intensity  of  loading 
is  21-7  lbs.  per  square  foot. 

(6)  In  the  second  method  the  ailerons  are  assumed  to  be  in 
operation  as  control  surfaces,  in  which  case  the  loading  is 
dependent  upon  the  maximum  load  exerted  by  the  pilot  upon 
his  control  stick.  Unless  the  hand-wheel  type  is  used,  the 
movement  of  the  control  stick  is  lateral  when  operating  the 
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ailerons,  and  the  maximum  load  which  a  pilot  can  exert  in 
that  direction  has  been  assumed  to  be  50  lbs.,  so  that,  knowing 
the  leverage  of  the  controls,  it  is  possible  to  find  the  intensity 
of  loading  on  the  ailerons. 

In  this  case  the  maximum  load  on  the  ailerons  is  6-42  lbs. 
per  sq.  ft.,  which  is  less  than  that  previously  obtained  in  (a). 

In  the  absence  of  further  knowledge  the  aileron  itself  must 
then  be  designed  to  the  load  of  21  -7  lbs.  per  sq.  ft.  t.c,  accord- 
ing to  the  intensity  of  loading  when  the  aileron  is  operating 
as  a  lifting  surface. 

Aileron  Spar 

Total  load  on  one  aileron  =  326  lbs.  Assuming  that  each 
of  the  seven  ribs  and  the  tip  take  load  corresponding  to  the 
area  each  supports,  then  the  load  on  ribs  1  to  6  is  46-5  lbs.  on 
each,  since  the  ribs  are  12  ins.  apart. 

The  lever  rib  is  made  particularly  strong  in  order  that  it 
may  transmit  a  fair  proportion  of  the  load  direct  to  the  cable 
supporting  the  aileron.  It  is  assumed  that  the  stringer  and 
trailing  edge  are  strong  enough  to  transmit  the  whole  of  the 
load  on  the  area  shown  shaded  (Fig.  79)  to  the  lever  rib  without 
putting  torsion  in  the  aileron  spar.  On  this  assumption  the 
maximum  torsion  in  the  spar  will  be  due  to  the  load  on  ribs 
6  and  6,  and  the  end  rib  i.e.,  2-5  x  46-5  =  116-2  lbs. 

Thus  torque  on  spar  =  116-2  X  7-75  =  900  lbs.  ins.,  since 
the  centre  of  pressure  is  assumed  to  be  at  -33  of  the  aileron 
chord. 

The  resistance  of  a  hollow  spar  to  torsion  is  given  by — 

2  Afgt  =  torque 

where  A  is  the  area  of  the  outline  of  the  mean  section  in  square 
inches,  t  =  minimum  thickness  in  inches,  and  /,  =  allowable 
shear  stress  in  lbs.  per  square  inch. 

This  rule  was  first  published  by  Batho  in  Engineering  (1917). 
It  represents  the  greatest  advance  in  our  knowledge  of  torsion 
problems  for  half  a  century,  and  is,  consequently,  well  worthy 
of  note.  It  was  first  used  in  aeroplane  design  by  H.  A.  Webb, 
M.A.,  at  the  Royal  Aircraft  Establishment,  Famborough, 
in  1917. 

ActuaUy  it  is  absolutely  true  for  infinitely  thin  tubes,  whether 
circular  or  otherwise,  and,  according  to  Webb,  is  not  more 
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than  6%  out  for  Motioiui  of  finite  thioknMS,  fuoh  m  box  ipar 
leoUoiui  now  to  popuUr  with  aeroplAiio  dedgnen. 

We  are  indebted  to  Mr.  Webb  for  the  folloi^ng  lample  proof 
of  the  rule,  which  ha«  not  hitherto  been  published. 

The  tube  need  not  be  ctroukr,  nor  of  uniform  thiekne«. 
Take  any  small  element  P.Q.  of  tube  where  the*  thitkness  it  I, 
and  Bhear  streee/. ;  p  is  the  length  of  the  perpendicular  from  O, 


Pio.  79. — Plan  op  Ailkron 


the  axis  of  torque,  on  to  the  tangent  to  the  tube  at  p.  Of  course 
in  the  special  case  when  the  tube  is  cffcu^r,  p  is  the  radius. 

The  thickness  I  is  assumed  small  compared  with  p.  Now 
from  the  eqiiililirium  of  the  Hmall  element  it  is  clear  that  fjl, 
which  is  pru))ortional  to  the  nhearing  force,  is  constant  at  all 
points  of  the  section. 

Then,  taking  moments  about  0,  torque  on  wholt  -•.!!.  .n 

=  ^UpPQ 

=  ^AU 

it  will  be  remembered  that  since /^  is  constant  at  all  {M>int.H, 
then  if  the  thickness  varies,/,  will  vary  inversely  a*  /.  Thus, 
using  the  rule  in  ortler  to  obtain  maximum  stress  over  the 
section  the  minimum  thickness  must  be 
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Applying  this  rule  to  the  example,  we  have,  from  Fig.  80, 
which  shows  the  section  of  the  spar — 

A    =   1-3  X  2-8  =  3-64  sq.  ins. 

t  =  -Sin. 

The  torque  taken  by  the  spar  is  900  lbs.  ins. 

Then  900      =  2  x  3-64  x  -3/, 

From  which 

900 
^'    =2~X-3X  3.64  =  *'°'^«P*"1'"- 


AILERON  SPAR 


CABLC    CONN€CriN<i     7 '    ANO 

BOTTOM    AlLiRONj 

Pio.   80. — Section   op   Aileron   Showing   Spar   and 
Control  Fittings 

The  allowable  stress  for  good  spruce  in  torsion  is  somewhere 
in  the  neighbourhood  of  400  lbs.  per  sq.  in.,  and  it  is  quite 
possible  that  this  figure  represents  a  good  mean  between  the 
various  results  of  tests.  The  spar  is  therefore  just  about  up 
to  strength  in  torsion. 

The  bending  of  the  aileron  spar  must  also  be  considered, 
since  the  distance  between  any  two  of  the  three  liinges  is 
36  ins. 


Uniform  load  on  spar  = 


326 
6-7 


48-5  lbs.  per  ft. 
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Slnoe  the  luiMupported  length  of  ftpar  »  3-0  ft.,  than  bending- 
moment  at  middle  of  span,  if  eiidM  be  Uken  m  free,  it 

48*5  X  3' 

^      -  54-6lbii.ft. 

B/)»-W»       1«  X  31»-  I  X  «-5« 


/  of  spar  section 


12  12 

47-5- 15-6        319       ^  ^^ 

— S IT  -  '"^ 


2-66 
Z  of  section        =  rT7  =  '•'^2 

I'OO 

Bending  stress  in  spar  »■     "1.72^  *"  ^^  ^^'  P*' •^*  ^ 

hence,  the  spar  is  all  right  in  bending. 

The  load  on  the  hinges  is  easily  obtained  from  the  load  per 
foot  length  of  the  spar,  but  the  reactions  ought  really  to  be 
corrected  for  fixing  moments  on  the  spar  at  the  hinges. 

Plenty  of  clearance  shmild  lie  allowed  at  the  hinges,  which, 
if  possible,  should  be  limited  to  three  for  easier  alignment. 

The  attachment  of  the  ribs  to  the  spar  should  be  made  quite 
definite,  particularly  so  in  the  case  of  the  lever  rib,  which  is 
heavily  loaded.  Usually  wood  screws  are  used  for  this  purpoee, 
reinforced  by  securely  glueing  the  joint.  An  estunation  of 
the  strength  of  «ucli  a  c'omu*<*ti<m  is  difTlciiIt  except  by 
oomparative  tests. 

The  strength  of  the  iever  nb  can,  tiowever,  Lk*  ueUTimnod  by 
equating  the  bending-moment  to  the  moment  of  resistance  oif 
the  section. 

Suitable  sections  for  the  aileron  ribs  in  this  example  are 
shown  in  Fig.  81.  If  the  stringer  is  to  be  efficient  in  ite 
transfer  of  load  from  rib  to  rib  it  nhould  Im*  made  as  deep  as 
the  section  will  allow  and  thick  enough  for  stitlness. 

Bottom  Aileron  Lever 

This  ease  is  also  severe  on  the  lever  on  the  bottom  aileron, 
for  the  load  in  the  cable  from  the  quadrant  on  the  control 
stick  to  the  bottom  aileron  lever  is  fairly  laige  ;  ite  amount  is 
shown  to  be  010  lbs.  {su  Chap.  XVI). 

The  load  in  this  cable  which  connects  the  two  bottom 
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ailerons  and  maintains  them  in  their  correct  relative  position 
to  the  wings  when  flying,  is  cut  inly  iiulependent  of  any 
control  stick  load. 

The  true  load  in  cable  connecting  top  and  bottom  ailerons 
.    325x60-8 
18 gg =  363  lbs.,  allowing  for  the  inclination  of  the 

cable  to  the  vertical.     The  cable  attachment  to  the  lever  rib 
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Fig.  81 — Aileron  Rib  and  Stringer  Sections 

is  assumed  to  be  at  the  point  where  C.P.  acts.  This  load,  and 
the  load  140  lbs.  on  the  portion  of  bottom  aileron,  shown 
shaded,  must  be  transmitted  through  the  lever  rib  to  the  lever 
which  is  thus  put  into  compression  due  to  this  load. 

There  is  a  certain  amount  of  torsion  of  the  bottom  aileron 
spar  exactly  as  in  the  top  aileron,  and  this  is  taken  as  bending 
on  the  lever.  The  compression  load  in  the  lever  can  easily  be 
found  by  dra^^ing  the  triangle  of  forces. 

ELEVATORS 

The  principle  of  much  of  the  work  already  done  on  the 
ailerons  and  to  be  done  on  rudder  may  be  applied  directly  to 
the  design  of  the  elevator,  hence  it  is  proposed  merely  to 
indicate  how  to  estimate  the  probable  maximum  load  intensity 
and  then  to  refer  the  reader  to  the  portions  mentioned  above. 

In  our  example,  we  shall  see,  in  working  through  the  elevator 
controls,  that  the  load  on  one  elevator,  due  to  a  force  of 
100  lbs.  at  the  pilot's  hand,  is  180  lbs.  Now,  the  area  of  one 
elevator  would  probably  be 'about  9  sq.ft.,  since  the  area  of 
tail  plane  and  elevators  =  50  sq.  ft.  (i.e.,  elevators  =  18  sq.  ft.). 
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Thus  the  load  intenatty  worlui  out  to  be  about  20lbi.  per 
•quare  foot. 

If  now  we  ooDsider  the  loading  from  another  sUndpoint, 
(i.e.,  taking  the  maximum  load,  1500  Iba.,  aheady  found  for 
the  tail  aa  being  uniform  over  the  tail  plAtitO.  we  ahall  ^t  a 

kMMling  of  -^  =  30  lbs.  per  square  foot. 

Obviously,  if  the  elevators  be  designed  to  this  higher  figure, 
they  may  beoome  unnecessarily  heavy,  and  being,  as  they 
are,  mo  far  away  from  the  centre  of  gravity  of  the  machine, 
thin  would  lie  undesirable. 


V 


X3 

Hinge  Lever  hinge 

Pig.  82. — ARRAifaEMBNT  or  BAUiNCBD  Elbvato» 


It  is  not  advisable,  however,  to  design  elevators  to  a  load 
of  lees  than  20  lbs.  per  square  foot. 

The  remainder  of  the  work  in  the  design  of  the  elevator 
spar  to  resist  torsion,  and  of  ribs  to  resist  bending  and  shear, 
etc.,  is  very  similar  in  character  to  that  on  the  design  of 
ailerons  which  has  already  been  done  in  considerable  detaU, 
and  is  therefore  not  necessary  to  repeat  here. 

Elevator  spars  are  usually  made  of  spruce  very  much  like 
aileron  spars,  but  in  some  cases  steel  tubular  spars  are  employed. 
In  8uch  cases,  the  whole  elevator  is  jKcnerally  made  up  of  steel 
thnnighout,  and  can  often  be  made  lighter  t  han  wooden  designs, 
Ix^ides  having  a  probable  longer  life. 

Balanced  devators  are  often  fitted  ;  this  give«  the  pilot  less 
fatigue  and  possibly  greater  manoeuvrabiUty,  but  too  much 
balancing  is  not  advisable,  since  it  would  "  take  obaige  *'  after 
relatively  small  angular  movements.  .-Vll  the  load  on  the 
elevators,  including  the  balanced  portion,  must  be  taken  by 
the  rear  tail  plane  spar. 

Fig.  82  shows  an  example  of  balancing. 


CHAPTER  XV 

CONTROL   SURFACES— (CorUinued) 
,  RUDDER 

RiTDDERS  are  now  generally  constructed  of  steel  tube  for  the 
outer  boundary  with  spruce  wooden  ribs  set  and  attached  to 
steel  sockets,  which  in  turn  are  either  brazed  or  sweated  to 
the   rudder   post   and   trailing   edge.     Frequently,    however, 


Top  hinge 


Lever  hinge  S 


Bottom  hinge 


Fio.  83. — Arrangement  op  Ruddbr 

metal  ribs  also  are  designed  and  suitably  fixed  direct  to  the 
rudder  post  and  trailing  edge.    Fig.  83  shows  an  arrangement 
of  rudder.     One  of  the  ribs  is  generally  made  of  somewhat 
larger  section,  and  is  known  as  the  lever  rib. 
The  usual  assumption  is  that  any  one  rib  will  support  the 
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kMMl  on  the  area  bounded  by  lines  drawn  midway  betwaen 
it  and  the  ribs  adjacent  to  it ;  furthemion*.  th<*  poHition  of 
the  centre  of  praeeure  may  be  aimumod  to  be  at:  33  of  the 
rudder  chord.  The  area  of  the  rudder  haa  already  been  fixed 
at  9 sq.ft..  and  the  chord  of  the  rudder  at  2ft.,  hence  the 
centre  of  presnure  will  be  at  8inH.  from  the  centre  line  of 
the  rudder  post. 


I 
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Flo.  84.— AaaAJfOKMBNT  or  BimoBR  Oontkols 


The  load  on  the  rudder  due  to  a  force  of  100  lbs.  at  the  pilot's 
foot  will  therefore  be     {su  Fig.  84) — 

100  X  8-^       4       ^^ ,. 
fi—  X8=®21be. 

i.e.,  about  0  lbs.  per  square  foot. 

U  this  loading  had  been  greater  than  15  lbs.  per  square  foot 
it  would  have  been  adopted  as  the  loading  for  the  design  of  the 
rudder,  but  since  it  is  less  it  is  usually  ignored,  and  the  higher 
figure  of  15  lbs.  per  square  foot  chosen. 

Thus  we  may  generalize  by  saying  that  intensity  of  design 
load  for  the  rudder  is  chosen  as  the  gretAnar  of  the  two 
loacb,  i.e.f  15  llis.  |)er  square  foot  or  the  load  due  to  a  force  of 
100  lbs.  at  the  pilot's  foot. 

In  the  example  the  total  load  on  the  rudder  will  therefore 
be  0  X  15  =  135  lbs.,  and  is  assumed  to  operate  at  the  position 
of  the  centre  of  pressure  which  has  been  taken  at  8  ins.  from 
the  centre  of  the  rudder  post. 

Rib  Dkbign. — Each  rib  must  be  designed  to  take  the 
bending-moment  due  to  the  load  it  carries.  It  is  required 
to  transmit  the  load  to  the  rudder  post,  and  it  mui^t  there&ire 
be  well  fixed  to  the  post  and  to  the  traiUng  edge.  The  trailing 
edge  is  often  made  of  steel  tube  about  |  in.  diameter,  and  of 
20  or  22  gauge  thickness,  which  can  easily  be  bent  to  suit  the 


186  AEROPLANE  STRUCTURAL  DESIGN 

shape  of  rudders  in  general ;  it  is  not,  however,  relied  upon 
as  having  any  strength. 

The  rudder  post  is  made  from  steel  tube  of  suitable  diameter 
and  gauge  to  withstand  the  torsion  induced  by  the  moment 
of  the  air  forces  on  the  rudder. 

Thus  in  the  example  the  total  torque  on  the  rudder  post  is 
135  X  8  =  1080  lbs.  ins.,  but  the  whole  of  this  torque  is  not 
taken  by  one  section,  since  the  lever  is  near  to  the  centre  of 
the  rudder  post. 

The  procedure  is  almost  identical  with  that  of  the  design  of 
ailerons,  a  reference  to  which  will  indicate  how  the  load  is  to 
be  divided  between  the  various  ribs,  and  the  proportion  of  the 
torque  taken  by  any  one  section  of  the  rudder  post.  It  is 
probably  superficial  at  this  stage  to  do  the  whole  of  the  work  in 
detail  since  it  is  almost  a  repetition  of  the  work  done  in  the 
design  of  ailerons  as  already  described. 

When  the  maximum  torque  on  the  rudder  post  has  been 
determined,  it  may  be  equated  to  the  torsional  resistance  of 
the  steel  tube. 

Thus    T    =^ 

where      T  =  maximum  torque  on  any  section 

J  =  polar  moment  of  inertia 

D  =  outer  diameter  of  tube 

q  =  allowable  shear  stress  in  the  tube  material. 

A  certain  amount  of  bending  of  this  tube  is  also  likely,  but 
it  must  be  left  to  the  discretion  of  the  draughtsman  or  designer 
in  any  particular  example  to  decide  whether  or  no  it  is  worth 
accounting  for.  If  in  a  particular  example  it  is  estimated  to 
be  large,  then  the  bending  stress  must  be  combined  with  the 
shear  stress  due  to  torque  by  the  ordinary  methods  generally 
used. 

Loads  on  Hinges. — Before  leaving  this  portion  of  the  work 
it  is  advisable  to  estimate  the  load  on  the  hinges,  since  they 
will  be  required  when  designing  the  fin  post  to  which  the 
rudder  is  hinged. 

Not  less  than  three  hinges  should  be  used,  and  sufficient 
clearance  ought  to  be  allowed  for  purposes  of  interchangeability. 

One  of  the  hinges  should  be  set  as  near  as  possible,  if  not 
actually  at,  the  position  of  the  lever  on  the  rudder  post,  for  the 
reaction  is  probably  a  maximum  at  that  point.     The  loads  at 
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the  other  hingM  are  proportionAl  to  the  area  of  rudder  th^ 
may  be  aasumed  to  support ,  and  thc*rf*  will  bo  no  difflcuhy  in 
efttimatinff  thorn. 

FINS 

The  deaign  of  tins  in  not  widely  different  from. rudder  and 
elevator  design,  but  the  difficulty  of  knowing  exactly  what 
ia  the  greateet  likely  load  intenitity  on  the  Hnii  in  one  of 
the  dedgner's  uncertain  quantities.  Sufficient  experimental 
work  has  not  yet  been  compbted  so  as  to  enable  designers  to 
fix  upon  load  intensities  which  may  bo  relied  upon  with 
absoluteness.  It  was,  therefore,  neoessary,  in  e^rly  designs, 
to  nmke  discreet  assumptiouM  in  thin  respect,  and  then  to  see 
how  the  fin  structure  was  able  to  withstand  the  loads  occurring 
in  various  attitudes  of  flight.  The  experience  thus  gained  has 
enabled  more  recent  deaignftrs  to  use  a  figure  of  loading  which 
may  be  relied  upon  to  prcMliice  a  re^iMotmhly  strong  Htnicture. 
This  figure  is  in  the  neighlM)urhoiKi  of  lo  11m.  per  squan*  foot. 
Fins  have  been  set  at  different  places  on  aeroplanes  as  the 
science  has  progressed,  and  in  the  very  early  days  they  were 
often  set  well  in  the  front  of  aeroplanes,  but  are  now  almost 
invariably  set  at  the  rear  of  the  machine,  where  better 
stabilizing  effect  is  obtained. 

Very  frequently,  a  smaller  portion  of  the  whole  fin  area  is 
set  beoieath,  and  the  major  portion  above,  the  fuselage. 

In  the  example,  the  total  area  of  fin  surface  is  7  sq.  ft., 
5  of  which  is  above,  and  2  below,  the  fuselage  (see  Fig.  85). 

The  fins  are  attachcxi  to  the  fuselage  structure  by  steel  or 
duralumin  clips  set  at  intervals  along  the  wooden  rib,  which 
is  in  direct  contact  with  the  fuselage. 

Both  top  and  bottom  Htis  are  bounded  on  their  leading  edges 
by  small  diameter  tubing,  about  |  in.  diameter,  of,  say, 
22  8.W.G.,  and  bounded  on  their  after  edge  by  the  fin  post, 
which  is  telescoped  into  the  socket.s  which  form  part  of  the 
rear  end  of  the  fuselage. 

The  fin  post  would  be  made  of  steel  tubing  of  suitable  dia- 
meter and  gauge,  and  would  be  made  in  two  pieces,  in  order 
that  the  upper  and  lower  fins  may  be  detached  separately. 

The  streamline  wire  bracing,  which  sup|)orts  the  tail  plane, 
is  attached  to  the  upper  and  lower  extreme  ends  of  the  fin  post. 

Metal  or  wooden  ribs  are  placed  in  the  fins  in  suitable 
positions  to  stiffen  the  structure  and  support  the  doped 
linen  covering. 
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Regarding  the  strength  of  the  fins,  the  leading  edge  is  not 
suppo^  capable  of  contributing  to  any  extent  worth  esti- 
mating, and  it  is  therefore  necessary  to  design  the  ribs  as 
cantilevers  supported  at  the  fin  post  where  strong  metal  clips 
are  necessary. 

The  fin  or  stern  post  is  really  the  important  member  of  the 
fin,  because  not  only  does  it  help  to  support  the  fin  itself,  but 


C  Top  rudder  hinge 


J3  Rudder  lever  hinge 


Rear 

portion  of 
fuselage 


^  Bottom  rudder  hinge 

Top  skid  hinge 
"  ^  Bottom  skid  hinge 
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also  the  tail  plane,  and,  furthermore,  the  rudder  is  also  hinged 
to  the  fin  post.  Side  load  due  to  the  air  forces  acting  directly 
on  to  the  fin  may  be  assumed  to  be  uniform  along  the  length  of 
fin  post  affected,  while  the  loads  due  to  air  forces  on  the  rudder 
will  be  transferred  to  the  fin  post  as  concentrated  loads  at 
the  hinges. 

The  fin  post  may  be  assumed  fixed  at  its  point  of  attachment 
to  the  fuselage,  and  must  withstand  the  bending-moment  due 
to  the  moment  of  the  total  air  force  on  the  upper  fin. 


FIN8  IM 

It  mmy  be  argued  that  thU  u  aomewhat  unfair  and  rather 
severe  on  the  fin  poet,  since  the  bracing  wires  from  the  tail 
plane  are  attached  to  both  upper  and  fewer  portions  of  the 

fin  |)08t. 

An  alternative  to  take  is,  therefore,  on  the  assumptton 
that  the  upper  and  lower  portionn  of  fin  j>ost,  and  the  tail 
plane  spars  may  inutunUy  help  in  resisting  thin  lateral 
due  to  load  on  the  (uih,  by  their  combined  iMMiding 

This  is  probably  the  more  correct  point  of  view,  because  the 
streamline  wire  bracing  is  capable  of  trammitting  load  between 
the  upper  and  lower  portions  of  fin  post.  Incidentally,  how- 
ever, it  means  that  end  load  is  iiitrcMluced  in  the  tail  plane 
spar  and  in  the  upper  and  lower  portions  of  fin  post,  and, 
furthermore,  that  bending  in  the  rear  tail  plane  spar,  as  well 
as  in  upper  and  lower  portions  of  fin  post,  is  also  introduced. 
If  the  former  aMMumption  in  made  in  estimating  the  requisite 
Hite  of  the  fin  po8t,  an  ample  margin  of  safety  will  be  assured. 

It  is  assumed  that  both  upper  and  lower  fins  sustain  the 
same  intensity  of  loading  simultaneously,  hence  the  moment 
of  the  upper  fin  load  will  partially  counterbalance  that  of  the 
lower  fin  load  through  the  medium  of  the  streamline  bracing 
wires. 

The  resultant  moment  which  has  to  be  resisted  by  the 
structure  as  a  whole  is,  therefore,  the  difiference  between  the 
moments  of  the  air  forces  on  the  upper  and  lower  fins.  The 
moment  of  load  on  upper  fin  post  ==  load  intensity  on  upper 
fin  and  rudder  x  area  of  upper  fin  and  rudder  x  distance 
of  centre  of  pressure  of  fin  and  rudder  from  centre  line  of 
fuselage  =  M. 

SimiUrly,  moment  on  lower  fin  post  =  load  intensity  on 
lower  fin  X  area  of  fin  x  distancf  of  it<<  centre  of  pressure 
from  centre  line  of  fuselage  =  m. 

These  being  in  opposition,  the  resultant  moment  is  therefore 

Jf  .-  m  r=  JIf  j^ 

and  this  must  be  resisted  by  the  upper  and  lower  portions 
of  fin  post  and  the  tail  plane  spar  together. 

The  general  procedure  in  the  estimation  of  the  stresses  in 
the  fin  structure  is  therefore — 

.  (1)  Find  the  uniform  load  on  the  up|)er  fin  |x>st  due  to 
lateral  air  forces  on  the  upper  fin  and  concent ratinl  loads  doe 
to  air  forces  on  rudder,  the  intensities  of  the  air  forces  on  fin 
and  rudder  being  taken  at    10  and   l.'Slbs.  per  square  foot 
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respectively.    The  concentrated  loads  at  rudder  hinges  are 
readily  obtained  from  the  rudder  calculations. 

(2)  Estimate  the  umform  load  on  the  lower  fin  post  due  to 
lateral  load  on  lower  fin  of  10  lbs.  per  square  foot. 

(3)  Calculate  the  moments  of  these  air  forces  on  rudder  and 
upper  and  lower  fins,  and  determine  the  resultant  moment. 

(4)  Find  the  end  load  in  the  fin  post  due  to  the  forces  in  the 
streamline  bracing  wires. 

The  problem  is  now  resolved  to  that  of  members  subjected 
to  bencQng-moments  as  cantilevers,  with  end  load.  It  is,  of 
course,  advisable  that  the  whole  of  the  moment  be  absorbed 
by  the  fin  post,  rather  than  the  spar  being  relied  upon  to  take 
any  portion,  since  it  may  be  stressed  by  loads  on  the  tail 
simultaneously.  In  practice,  no  doubt  each  member  will 
take  its  share  of  the  moment  according  to  its  ability  to 
resist  it. 

Assume  a  suitable  size  of  tube  for  the  fin  post  and  find 
from  Table  31  the  values  of  its  sectional  area  and  modulus. 
Then,  if  the  spar  is  not  to  be  relied  upon  to  take  any  bending 
due  to  load  on  fins,  the  tube  chosen  must,  of  course,  withstand  it. 

The  stress  is  composed  of  a  portion  due  to  bending  and  the 
remainder  due  to  end  load  direct. 

Stress  due  to  bending  =  —^  =  /i 

Stress  due  to  end  load  =  -j     =  ft 

Total  stress  =  f^    -\-    f^ 

and  tliis  must  be  less  than  the  allowable  stress  for  the  material 
of  which  the  tube  is  made. 

If  the  deflection  is  likely  to  be  excessive,  and  it  is  thought 
desirable  to  check  it,  the  bending-moment  diagram  must  be 
integrated  graphically  twice  to  produce  the  deflection  diagram, 
from  which  such  deflection  may  be  measured  to  scale. 

The  bottom  fin  post  is  probably  subjected  to  its  worst 
condition  of  loading  by  the  skid  load  which  occurs  on  landing. 

The  leading  edge  of  the  lower  fin  is  thus  in  tension  unless 
a  special  internal  member  is  inserted  in  the  fin  to  take  such 
tension.  Bending  in  the  lower  fin  post  is  caused  by  the  skid 
hinge  reactions  and  if  the  tube  is  made  to  withstand  this 
bending,  it  will  generally  be  strong  enough  to  withstand  any 
other  case  of  loading  on  the  lower  fin. 


CHAPTER   XVI 

FLYING  CONTROLS 

Thk  term  "  fl3ring  controLi,"  in  uiidenitood  to  indiule  the 
meohaniBm  and  cables  controlliTig  the  ailerons,  elevatora, 
rudder,  and  aUto  the  tail  piano,  where  the  latter  is  adjustable 
from  the  pilot's  seat,  as  it  sometimes  is  in  modem  aeropUnes. 

Usually  the  ailerons  and  elevators  arc  operated  by  the 
control  oolunm,  by  a  movement  in  two  directions  at  right 
anodes. 

For  instance,  the  fore  and  aft  movement  of  the  control 
column,  or  "  joy-stick  *'  as  it  is  often  termed,  lowers  and  raises 
the  elevators  respectively,  the  machine  tending  to  nose  dive 
or  stall,  while  the  side-to-side  movement  operates  the  ailerons  ; 
a  movement  of  the  column  to  starboard  raising  the  starboard 
aileron  and  lowering  the  port  aileron  simultaneously,  thus 
the  starboard  wing  loses  lift  and  is  depressed,  while  the  port 
wing  is  raised. 

The  rudder  is  usually  controlled  by  a  swivelling  bar  known 
as  a  *'  rudder  bar/'  operated  by  the  feet  in  such  a  manner  that 
a  forward  movement  of  the  right  foot  swings  the  rudder,  which 
accomplishes  a  right-hand  turn  of  the  machine,  and  vice  versa. 

For  different  sizes  and  types  of  aeroplanes,  the  arrangement 
of  controls  must  necessarily  vary,  although  the  general  principle 
remains  the  same,  and  hence  each  separate  case  needs  some 
slight  diflerence  of  treatment.  The  best  example  which  might 
be  cited  as  a  general  case  is  probably  the  case  of  a  biplane 
having  ailerons  on  both  top  and  bottom  planes,  having  a 
monoplane  tail  and  a  single  rudder,  suitable  for  an  aeroplane 
up  to  5000  lbs.  weight. 

Aileron  Controls 

Considering  Hrst  the  fast*  of  the  ailiTons,  it  will  be  remem- 
bered that  of  the  two  nut  hods  of  estimating  the  loading 
thereon,  the  maximum  is  obtainetl  when  the  ailerons  are 
merely  considered  as  part  of  the  Ufting  surface  of  the  whole 
plane  as  against  when  they  are  being  operated  as  control 
surfaces.    Reference  to  the  work  already  done  on  strength  of 
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ailerons  (Chap.  XIV)  will  confirm  this.  Nevertheless,  the 
cables  connecting  the  control  quadrant  to  the  bottom  ailerons 
and  the  cable  connecting  the  top  and  bottom  ailerons  will 
have  to  withstand  loads  due  to  the  maximum  lift  force  on  the 
ailerons,  because  these  cables  maintain  tliem  in  position  as 
lifting  surfaces. 

Several  arrangements  of  aileron  cables  might  l><  (()7isi(l(  icd. 
but  it  is  thought  to  be  unnecessary  to  show  detailed  ( aK  ula 
tions  for  every  such  conceivable  scheme,  since  there  is  con- 
siderable similarity  between  them,  and  it  is  enough  to  show 
how  it  may  be  done  for  one  popular  arrangement.  In  this 
arrangement  (Fig.   86)  the  two  upper  ailerons  are  directly 


Fig.  86. — ^Arrangement  of  Aileron  Controub 


connected  by  a  cable  which  passes  along  the  top  front  spar 
inside  the  plane,  each  end  passing  round  a  pulley  at  right  angles, 
after  which  it  passes  out  through  the  upper  fabric  surface  of 
the  plane  to  the  respective  top  aileron  lever,  which  latter  is 
fixed  to  the  aileron  spar  and  projects  above  the  plane.  There 
is  also  a  cable  connection  between  the  aileron  lever  and  a 
fitting  on  one  of  the  aileron  ribs  known  as  the  lever  rib.  The 
top  and  bottom  ailerons  are  directly  connected  by  a  single 
cable,  whose  ends  are  attached  to  metal  fittings  on  the  lever 
ribs,  the  lever  rib  being  left  solid,  or  with  very  little  spindling 
for  purposes  of  strength.  On  the  underside  of  the  bottom 
aileron  spar  is  attached  a  lever  which  projects  below  the  bottom 
plane  in  exactly  the  same  way  that  the  lever  on  the  top  aileron 
was  fixed  above  the  up|>er  plane. 

A  control  cable,  being  fixed  to  the  quadrant  at  the  pivot  of 
the  control  stick,  passes  along  the  bottom  front  spar  inside 
the  plane,  then  passes  round  a  pulley  at  right  angles  and 
emerges  through  the  bottom  fabric  surface  of  the  lower  plane 
to  this  lever.  A  cable  connection  from  the  lever  to  the  lever 
rib  exists  in  order  to  minimize  the  bending  on  the  lever  rib. 
The  cable  arrangements  described  above  are  the  same,  of  course, 
on  both  port  and  starboard  sides  of  the  aeroplane. 
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It  will  now  be  oiear  that  the  cable  oomneotliig  the  two  upper 
•4  onlj  takea  load  when  the  ailerons  are  operated  aa 
1  stirfaoea  or  in  the  down  load  oaae,  of  which  the  latter 
produooe  the  greater  load.  It  waa  shown  in  (*hapter  XIV 
that  the  load  on  one  top  aileron  ia  325  lb«.  when  the  centre  of 
preesure  on  the  planes  is  at  -ft  of  the  chord,  and  this  is  taken 
wholly  by  the  int^-i  '  m  cable.  In  order  to  fincj  the  true 
load  in  thin  CAble,  \\  i  ^  not  in  the  vertical  plane,  this  load 

of  825  lbs.  muKt  be  increased  in  the  ratio  of  the  true  length 
to  the  vertical  distance,  namely,  00-8  to  56  in  the  example. 
The  true  load  in  this  cable  is  therefore— 

60*8 
325  X  -s-  =  353  lbs. 
oo 

A  lOcwt.  cable  would,  however,  be  used. 


Load  in  Cable  from  Bottom  Aileron  to  the  Ck)ntiol  Sttok 

The  maximum  load  is  that  due  to  the  lift  forces  on  the  top 
and  bottom  ailerons.  Load  on  one  top  and  one  bottom 
aileron,  allowing  for  the  efficiency  of  the  latter,  =  325  -f  '85 
X  325  =  601  lbs. 

Then,  taking  moments  of  this  force  about  the  hinge  point, 
the  load  in  the  cable  considered  is — 

^^^^  ^'^  =  910  lbs.     {Set  Fig.  80.) 

The  strength  of  cable  required  for  this  load  would  be  a 
lOcwt.  size. 

It  will  be  noted  that  these  loads  are  effected  without  any 
force  being  exerted  cm  the  control  stick  hv  the  pilot. 


Load  in  Top  Aileron  Connecting  Cable 

We  shall  first  consider  the  load  in  this  cable  due  to  the 
force  exerted  by  the  pilot  at  the  control  stick  ;  consequently, 
we  must  commence  there  in  order  to  find  this  load.  It  has 
been  found  that  a  pilot  cannot  exert  more  than  50  lbs.  laterally 
on  the  control  stick  when  operating  the  ailerons.  Fig.  87  ahowa 
diagrammatioally    the    arrangement    of    the    control    stick 
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controlling  the  four  ailerons  referred  to  9^  A,  B,C^  D.  It  is 
imagined  that  the  control  stick  is  operated  so  that  the  ailerons 
C  and  D  are  pulled  downward,  and  the  reasonable  assumption 
is  also  made  that  the  loading  due  to  air  lift  forces  is,  in  the  case 
of  ailerons  down,  double  that  for  ailerons  up,  as  in  C  and  D 
and  A  and  B  respectively.  The  area  of  each  aileron  in  example 
is  16  sq.  ft.  Let  the  loading  per  square  foot  on. -4  and  B  be 
xlbs.  per  square  foot,  then  the  loading  on  C  and  D  will  be 

2a;  lbs.  per  square  foot.     The 


^_j£ifcf 


centre  of  pressure  of  the  air 
forces  is  approximately  at  *33 
of  the  aileron  chord,  t.e.,  at  a 
distance  8*8  in.  from  the  hinge 
(Fig.  80).  Total  load  on 
aileron  A  =  area  X  load  in- 
tensity =  16  X  a:  =  15a;  lbs. 

Total  load  on  aileron  B  = 
16a;  lbs.  also,  the  load  on  A 
being  transferred  through  the 
connecting  cable  from  ^  to  i5, 
which  cable  is  attached  to  the 
ailerons  at  approximately  the 
centre  of  pressure  of  the  load 
on  the  ailerons. 

In  order  to  find  the  load  due 
to  ailerons  A  and  B  in  the  cable 
connecting  the  two  top  ailerons 

B  and  C,  moments  about  the  hinge  points  must  be  taken, 

thus — 
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2  X  16a;  X  8-8 

6-8 


=  45-6a;  lbs. 


(See  Fig.  80.) 


The  load  on  the  aileron  C  is  2  x  15a;  lbs.,  and  the  load  on 
the  aileron  Z>  is  2  x  15a;  lbs.,  hence  the  load  in  the  control 
cable  from  the  control  stick  to  the  aileron  D  is  obtained  by 
taking  moments  about  the  hinge  point,  i.e. — 


(2  X  15a;  -f  2  X  30a;)  8-8 
5-8 


=  136-5a;  lbs. 


To  find  the  magnitude  of  loading  a;,  we  need  to  find  the 
load  in  the  control  cable  just  considered  due  to  a  lateral  load 
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at  the  pilot's  bAnd  of  00  1Imi.»  and  then  equate  to  the  quantity 
above.    ThuA  the  load  in  the  cable  i« — 

— 5-- —  »  S58  Ibe. 
8*4 

benoe 

853 

*  "  136:5  "  ^"^  •»*•  P"  "»•  **• 

Thus,  the  mayimum  load  in  the  cable  connecting  the  two 
top  aileronB  on  this  conRideration  ^^  4A  5  x  2-50=  118  lbs. 
It  iM  probable,  however,  that  thiM  cable  will  have  to  withiitand 
a  greater  load  in  the  caae  of  down  load  on  the  wings.  This 
latter  load  can  easily  be  estimated  by  taking  three-fifths  of 
the  load  found  in  the  cable  connecting  the  control  stick  to  the 
bottom  aileron  when  the  ailerons  are  performing  their  functions 

3 
as  lifting  surfaces,  the  load  being  -  X  010  =  546  lbs. 

This  is  obviously  greater  than  that  obtained  above  and 
determines  the  size  of  cable  required.  A  10  cwt.  cable  would 
obviously  be  quite  strong  enough  for  this  load. 

Other  Arrangements  of  Aileron  Cables 

Another  arrangement  is  that  in  which  a  light  strut  connects 
the  upper  and  lower  ailerons  ;  and  the  cable  from  the  quadrant. 


n 
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(which  Utter,  in  this  case,  is  at  the  rear  end  of  a  rocking  shaft 
passing  beneath  the  pilot *s  seat),  passes  along  behind  the 
bottom  rear  spar  up  to  a  point  just  short  of  where  the  lower 
aileroii  commences,  when  it  passes  round  a  pulley  and  is 
connected  to  the  main  rib  of  the  upper  aileron  at  the  top  of 
the  aileron  strut.  From  the  bottom  end  of  this  strut,  another 
cable  is  connected  to  the  upper  plane,  where  it  pasnee  round  a 
pulley  and  thenoe  akmg  behind  the  rear  spar  of  the  upper 
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plane  and  do>vn  to  the  bottom  end  of  the  aileron  strut  on  the 
opi>o8it<?  side  of  the  machine.  Figs.  88  and  89  will  show  the 
arrangement  above  described. 

This  would  be  quite  satisfactory  for  a  comparatively  small 
macliine,  where  the  steepness  of  the  cables  makes  them  more 
efficient,  than  would  be  the  case  in  the  larger  machine,  in  which 

the  cables  would  deviate  from 

soik,  the  vertical  still  more,  and  thus 

7~  "  produce  slackness,  which  could 

'  not  be  taken  up. 

This  system  was  used  with 
success  on  the  Austin  "  Whip- 
pet "  and  the  R.A.F.  two 
seaters  B.E.2E.  and  R.E.  8. 

The  control  stick  has  not 
been  stressed  here,  for  it  will 
have  to  withstand  a  greater 
stress  when  operating  the 
elevator  controls  where  the 
movement  of  the  stick  is  fore 
and  aft,  and  the  load  at  the 
pilot's  hand  is  100  lbs. 

It  is  essential  that  the  pul- 
leys should  be  set  at  the  exact 
angle,  so  that  there  is  no  tendency  for  the  cable  to  leave  the 
pullers.  All  pulleys  should  be  mounted  on  ball  bearings, 
standard  sizes  of  which  can  be  utilized  for  all  the  ordinary 
sizes  of  pulleys  in  use. 

Cable  guides  should  always  be  fitted,  for  then  the  danger  of 
a  cable  tending  to  jump  the  pulley  at  entry  is  diminished. 
In  order  to  have  reasonable  sensitiveness  of  control ,  the  angular 
movement  of  the  aileron  per  3  ins.  movement  of  the  pilot's 
hand  should  have  an  average  value  of  about  4  degrees. 

RUDDER  CONTROLS 
As  much  as  can  be  done  on  the  rudder  controls  is  generally 
more  or  less  straightforward,  and  it  is  only  very  rarely  that 
arrangements  of  rudder  controls  vary  from  what  has  become 
acknowledged  as  standard  practice.  Consequently  it  is 
proposed  to  show,  as  an  example,  how  to  estimate  the  strengths 
of  the  various  parts  of  a  t3rpical  system  of  rudder  controls  as 
shown  in  Fig.  84. 


FUi.    HQ. — Ck)NTROL  STICK 


RUDDER  CONTROUS  107 

Referring  to  the  rudder  Imr  itnelf ,  it,  of  ooane,  it  opeimlad 
by  the*  pih)t*H  f(H*t,  and  the  control  cables  are  attacliMl  to  it 
either  at  the  extreme  endii  or  on  the  inner  side  of  the  pilot's 
feet,  I.e.,  nearer  to  the  pivot  u|)on  which  th(*  niflder  bar  ia 
capable  of  swivelling,    llie  advantage  of  atUi'  ■'•n*  cables 

to  points  on  the  rudder  bar  within  the  pilot's  fci  it  greater 

leverage  is  obtained  compared  to  the  alternative  case  (Fig.  90), 
where  the  cables  are  attached  to  the  ends  of  the  bar.  Biore 
control  is,  thcrt»fore,  exercise<l  over  the  rudder  for  a  giTcn  load 
at  the  pilot's  fmit.  ()ver-sensitivt»ness  of  control  is  a  point 
which  needs  consideration  in  all  flying  controls  or  they  may 
prove  troublesome  in  ojienition. 
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The  movement  of  the  rudder  must  not  be  excessive  compared 
to  the  movement  of  the  pilot's  foot.  For  example,  for  a  move- 
ment of  3  ins.  of  the  pilot's  foot  the  angular  movement  of  the 
rudder  may  be  taken  as  21  degrees,  and  this  may  be  accepted 
as  a  good  average  value.  On  the  other  hand  the  control  must 
not  be  under  RotiKitivr  nr  it  inav  prove  dis^istroiis  in  casi'  of 
emergency 

These  matKTs  may  ix*  vancii  quiu*  easily  l>y  nuxlifymg  the 
length  of  the  rudder  lever,  and  also  the  n*lative  leverage  of 
the  pilot's  foot  and  rudder  cable  at  it«  point  of  attachment 
to  the  rudder  bar. 

In  performing  the  calculations  required,  the  reader  is  referred 
to  Fig.  84,  where  the  distances  of  the  |K)int  of  attachment  of 
the  cable,  and  that  of  the  pilot's  foot  from  the  rudder  bar 
pivot,  are  respectively  5  ins.  and  8-2  ins. 

Assuming,  as  is  already  suggested,  that  the  maximum  load 
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applied  by  the  pilot's  foot  =  100  lbs.,  then  the  load  in  the 
cable  is  found  to  be — 

100  X  8-2 

= =164  lbs. 

5 

It  is  very  unlikely,  however,  that  this  cable  will  be  less  than 
lOcwt.  strength,  but  it  ought  to  be  noted  that  if  in  another 
machine  the  load  were  greater,  it  does  not  follow  that  a 
corresponding  increase  in  size  would  be  made. 

Rudder  bars  vary  a  great  deal  in  their  design,  but  one  of 
the  simplest  and  yet  satisfactory  forms  is  that  in  which  a 
single  steel  tube  with  suitable  fittings  is  used. 

Let  it  then  be  assumed  that  the  rudder  bar  is  essentially  a 
steel  tube  IJin.  diameter,  of  thickness,  say,  20  S.W.  gauge, 
and  of  Air  Ministry  specification,  say,  T2  ;  Z  for  such  a  tube 
will  be  found  to  be  00326  in.^  {see  Table  31  in  Appendix). 
The  maximum  bending-moment  will  be  inward  from  the  point 
of  attachment  of  the  cable  to  the  rudder  bar,  namely, 

100  X  3-2  =  320  lbs.  ins. 

The  maximum  stress  will,  therefore,  be — 

320 
^-g^  =  9800  lbs.  per  sq.  ins. 

which  is  well  within  the  safe  limit  of  stress  for  this  material. 

Another  form  of  rudder  bar  is  made  from  two  pressings  of 
suitable  form  riveted  together  with  perhaps  a  core  of  wood. 
The  pressings  may  be  of  aluminium  or  duralumin,  or  even 
steel.     Other  forms  are  also  sometimes  designed. 

Bearing  of  Rudder  Bar  Support 

The  total  maximum  load  ordinarily  likely  to  be  imposed  on 
the  rudder  bar  support  is  the  difference  between  the  pull 
in  the  cable  and  the  load  at  the  pilot's  foot  (i.e.,  164-  100 
=  64  lbs.) 

This  load  of  64  lbs.  may  easily  be  accounted  for  by  making 
the  pivot  pin  of  suitable  diameter  to  withstand  any  possible 
bending-moment  and  to  allow  sufficient  bearing  surface  between 
the  pin  and  the  bracket  supporting  the  rudder  bar.  This 
bracket  must  be  secured  to  flooring  and  well  attached  to  the 
fuselage  of  the  machine. 
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Anfolar  lIo?«nieiit  of  Rudder 

The  angular  movement  of  the  nidder  will  now  he  determined 
by  the  length  of  the  rudder  lever,  which  i«  usually  made  of 
premied  steel  pUte,  welded  together  and  securely  attached  to 
the  rudder  |>oMt,  which  w  generally  made  of  circular  steel  tube. 

In  thiH  example  the  length  of  rudder  lever  has  been  chosen 
an  4  iiiH.,  that  in.  the  point  of  attachment  of  the  cable  to  the 
lever  iM  at  4  iiui.  radiuH. 

Continuing  the  example,  let  there  Ix*  a  movement  of  3  ins. 
of  the  pilot *8  foot,  then  the  i>oint  of  attachment  of  the  cable 

3x5 
will  move      ^    ins.,  and  the  angular  movement  of  the  rudder 

will  bo  such  that 

henoe  d  =  24J**  approx. 

Often  the  rudder  lever  is  attached  to  a  point  on  a  very 
strong  rudder  rib,  in  wliich  case  very  little,  if  any,  bending- 
moment  occurs  in  the  lever.  If,  however,  no  such  cable  were 
present,  then  the  lever  must  be  made  strong  enough  to 
withstand  the  bending  which  would  then  be  present. 

ELEVATOR  CONTROLS 

The  elevators  are  opt^rated  from  the  control  stick  by  a  fore 
and  aft  movement  in  such  a  way  that  a  forward  movement  has 
the  effect  of  lowering  the  elevators,  and  vice  veraa. 

Regarding  the  maximum  probable  load  taken  on  the  elevator 
controls,  it  is  reasonable  to  estimate  the  load  as  being  dependent 
upon  the  maximum  force  which  the  pilot  is  capable  of  ezertmg 
at  the  end  of  the  control  column.  It  has  been  found  that  this 
force  is  about  100  ll)s.,  and  it  is  proposed  to  calculate  the  loads 
and  stresses  in  the  controls  due  to  such  a  force.  The  load  in 
the  oaUes  from  the  control  column  to  the  two  elevators, 
asBoming  the  load  at  the  pilots  hand  to  be  100  lbs.,  will  be — 

100  X  24 

jTj —  =  470  lbs.  if  the  cable  is  at  right  angles  to  the 

control  column,  ($.«.,  23ft  lbs.  in  each  cable.  Me  Fig.  01). 

Tlie  position  of  the  lever  on  the  elevator  spar  is  as  illustrated, 
and  taking  moments  of  the  force  in  the  cable  and  the  whole  load 
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W  on  one  elevator  (assumed  to  be  acting  at  -3  of  the  chord) 
about  the  hinge  centres,  we  have,  neglecting  balance  portion — 

W  X  5-37  ins.    =   235  X  3-8 
hence  W  =   166  lbs. 

the  chord  of  elevator  being  17-9  ins. 


tO^lhs 


Fio.  91. — Arrangement  of  Elevator  Ck>NTRous 

What  has  already  been  said  as  to  sensitiveness  of  control 
on  the  rudder  applies  equally  well  to  the  case  of  elevators, 


I 


Pio.  92. — Diagram  Showing  Angular  Movement  of 
Elevator  per  3  in.  Movement  of  Stick 


and  the  happy  medium  between  sluggishness  and  over- 
sensitiveness  is  the  ideal  condition.  In  the  example  (Fig.  92) 
the  angular  movement  of  the  elevators  corresponding  to  a 
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3  in.  movement  of  the  pilot *ii  hand  will  be  found  to  be  neariy 
10  degrees,  and  thin  may  be  accepted  a«  m  good  avermgo  Talue. 
ThuB,  a  movement  of  3  ina.  of  the  pUot'a  hand  prodnoea  a 
movement  of  the  cable  of — 

3  X  g'l        ^. 
— jj —  ■■  -64  in«.. 

hence  the  angular  movement  0  of  elevator  in  Kuch  that 

*64 
tan  6  =  —  =    168. 

therefore  0  »  9*5  degreea. 

Although  the  load  in  one  cable  ia  but  235  Iba.,  yet  a  10 
cwt.  cable  would  be  inaerted  so  as  to  have  no  fear  oif  aerioiia 
stretching. 

Of  iUv  detail  design  of  the  elevator  controh),  the  following 
are  in4>ortant — 

CONTROL  COLUMN 

This  is  subjected  to  a  greatiT  force  in  this  case  than  when 
considered  for  aileron  controls,  the  force  at  the  pilot *s  hand 
in  this  case  l)eing  1<)0  lbs.,  wherean  it  was  only  50  Ibe.  when 
considered  in  connection  with  aileron  control.  It  may  be  asked 
why  not  take^he  case  where  both  aileron  and  elevator  controls 
are  exercised  simultaneously.  The  reason  is  that  when  both 
are  operated  together  it  is  hardly  possible  for  the  pilot  to 
exeroiae  maximum  force  in  lK>th  directions  at  once,  and  ao 
the  maximum  case  is  probalilv  that  now  cnnsidc^rtHl. 

Bending  of  Control  Column 

Sometimes  the  elevator  r;0>l<  ic  attached  to  bloater 
levers,  set  just  out^iide  the  fi  being  fixed  to  a  cross- 

shaft   which   carries   the   contrui   .stick.     In    that  case,    the 
maximum  bending-moment  would  Yh*  F  x  d, 
where  F  =  force  at  pilot's  hand 

d    sBs  distance  from  pivot  where  force  is  applied. 

Again,  the  elevator  control  cables  may  be  attached  directly 
to  the  control  column  itself,  in  which  case  the  maximum 
bending-moment  would  still  be  at  the  pivot  when  the  lower 
elevator  cable  is  taking  load  (see  Fig.  91). 

In  our  example,  the  distance  d  =  24  0  ins.  and  F  =  100  lbs., 
hence  the  maxinunn  B  M  -=  2400  lbs.  ins. 
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The  material  of  the  control  column  may  be  steel  tube  or 
Delta  metal  tube  having  yield  stress  of  40000  lbs.  per  sq.  in. 

Let  the  tube  be  1}  outside  diameter,  and,  say,  16  gauge  thick. 

Z  of  such  a  tube  in  bending  would  be  0636  in.'  (see  Table 
31  in  Appendix). 

The  maximum  stress,  therefore,  would  be — 

2400 
;^g^  =  45000  lbs.  per  sq.  in. 

This  figure,  as  it  stands,  is  excessive,  but  in  all  probability 
the  tube  would  be  strengthened  at  that  point  by  sockets,  in 
which  case  the  value  of  Z  would  be  increased  to  such  an 
extent  that  the  maximum  stress  would  probably  be  nicely 
within  40000  lbs.  per  square  inch. 

The  bearing  on  the  pivot  will  be  100  -|-  470  =  670  lbs., 
and  the  pivot  pin  must  be  designed  to  take  that  force  in  shear, 
bending,  and  bearing. 

The  fixing  of  the  bracket  supporting  the  control  stick  must 
be  carefully  and  securely  made  to  the  flooring  by  a  suitable 
size  and  number  of  bolts. 

The  cables  from  the  control  column  to  the  elevator  should 
be  given  as  free  a  path  as  is  possible,  and  too  many  bends 
should  be  avoided.  Cable  guides  must  be  inserted  wherever 
necessary  at  places  where  slight  deviations  from  the  straight 
line  occur.  These  latter  are  best  made  of  ordinary  compressed 
vegetable  fibre. 
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Sl'permauine  Single-seater  Flying  Boat  "  Sea  Tjon  •* 
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CHAPTER   XVII 

DETAIL  DESIGN 

To  under-Mtiiiuite  the  importanoe  of  the  dedgn  of  dHaik 
of  most  engiiieering  ftnictureH  i»  decidedly  a  tbortaighted, 
if  not  a  dangerouR,  proceeding,  and  thiM  in  probably  more  true 
of  aeroplane  structural  design  than  of  any  other  branch  of 
engineering.  By  due  oonsideration  of  deUiil,  the  effioienojr  of 
the  part  may  be  increased,  the  method  of  manufacture  improved 
and  made  easier,  thus  increasing  the  rate  of  production,  and 
the  amount  of  material  lessened  ;  whilst  the  strength  may  be 
well  maintained.  On  the  other  hand,  careleeaneas  in  detail 
design  may  quite  conceivably  nullify  any  good  points  in  the 
general  scheme,  it  may  increase  the  weight  of  machine.  nu*\ 
may  also  weaken  an  otherwise  strong  design. 

For  instance,  a  wing  joint,  or  a  fuselage  fitting,  if  incorn'ctly 
designed,  may  give  perKistent  tnmble  in  the  a(*roplane,  due 
to  distortion  or  deflection  when  in  flight  or  on  landing. 

There  are  a  few  general  maxims  which  might  be  given  as  a 
preliminary  to  tliis  chapter,  and  which  are  capable  of  quite 
general  application.    They  are — 

(1)  Blake  sure  of  the  strength  of  the  materials  used. 

(2)  Avoid  unnecessary  changes  of  section,  no  matter  what 
may  be  the  material,  and  avoid  sharp  bending  of  thin  metal 
plates. 

(3)  Do  not  drill  unnecessary  holes  in  vital  parts,  and  keep 
all  holes  as  small  as  practicable. 

(4)  Let  the  strength  of  a  fitting  be  exactly  where  the 
maximum  loud  is  applied. 

(5)  All  wiring  plates,  lugs,  strut  fittings,  etc.,  should  be  at 
the  correct  angle  of  the  respective  wire  or  strut  so  that 
deformation  may  not  occur. 

(6)  Arrange,  as  far  as  can  be  done,  that  offiwt  loads  may 
not  exist. 

(7)  Reduce  the  weight  but  maintain  the  strength. 

(8)  Simplify  the  design  to  the  uttermost. 

It  may  be  said  that  these  are  easier  to  quote  than  to 
apply,   hut    the    nearpr   they  oan    be  approaches!   the    better 
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structure  will  be  evolved  ;  they  may  be  considered  as  ideals 
at  which  to  be  aimed  rather  than  easily  attained.  In  order 
to  give  proper  consideration  to  the  points  as  they  arise,  it  is 
proposed  to  take  various  components  in  some  sort  of  order. 


MAIN  PLANES 


Spars 


Spars  are  now  made  in  various  forms,  although  originally 
they  were  almost  invariably  cut  from  long  solid   pieces  of 


uJ 

1 

ic) 


id) 


(e)  (/)  ig) 

Fio.  93. — Various  Sections  op  Built-up  Spars 


timber  suitably  spindled  at  points  between  spar  fittings  into 
the  common  /  section,  being  left  solid  where  bolt  holes  are  to 
be  drilled  through  the  spar.  This  form  still  exists,  quite  fre- 
quently, but  recently,  owing  to  the  serious  shortage  of  spruce, 
spars  have  been  bidlt  up  of  several  lengths  of  specially  cut 
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titiilMT,  gliuHl  together,  and,  in  aome  omm,  OMwfully  wrapped 
uith  glutei  fabric. 

ThiM  latter  type  is  now  very  popular,  and  iji  alightly  rmxicd 
in  itii  form.  Fig.  93  shows  several  sections,  of  which  (c)  is 
the  lieiit,  dince  it  is  comparatively  easy  to  constnioi,  and  is 
also  the  strongcMt  of  the  built-up  Hcctions  ;  (d)  is  moro  difficult 
to  make  so  as  to  be  certain  that  the  jointu  are  good,  and  is 
less  reliable.  Types  {e)  and  (/)  are  variations  of  (e)  with  a 
view  to  obtaining  greater  glued  surface  where  the  webs  are 
attached  to  the  fliAges.  This  advantage  is,  however,  moie 
Imaginery  than  real,  and  the  8par  in  more  costly  to  produce 
than  (e),  hence  it  does  not  warrant  the  extra  teouble. 

In  (f )  and  (/)  the  Hhar])  comerM  of  the  flanges  are  apt,  on 
account  of  the  way  in  which  the  timber  is  cut,  to  leave  the 
webs  and  probably  decrease  the  glued  surface  rather  than 
increase  it,  and  so  pave  the  way  to  further  weakness. 

Type  (y)  is  an  attempt  to  overcome  the  objection  just  quottii, 
but  is  hardly  successful  enough  to  warrant  the  change  from  (c). 
Type  (6)  is  good,  but  not  as  simple  as  (c) ;  (a)  is  the  ordinary 
/  section  spindled  out  from  the  solid  rectangular  section. 

It  may  be  pointed  out  that  type  (c)  has  a  larger  lateral 
moment  of  inertia  than  (a),  and  this  is  valuable  in  the 
consideration  of  lateral  failure  of  spars. 

Often  the  webs  are  screwed  or  carefully  tacked  to  the 
flanges,  but  not  much  advantage  is  to  be  obtained  by  so  doing  ; 
the  better  scheme  is  probably  to  wrap  carefully  with  glued 
fabric. 

If  long  lengths  of  timber  are  unobtainable,  joints  may  be 
made  in  either  the  flanges  or  webs  by  splicing.  The  angle  at 
which  the  splice  is  made  should  be  small,  in  onier  that  a  good 
surface  may  be  provided  for  glueing. 

Care  should  be  taken  that  no  two  splicings  occur  in  the  same 
vertical  section  of  the  spar. 

Solid  places  in  the  spar  should  be  made  as  shown  in  Fig.  94 
in  order  that  no  sudden  change  of  section  may  occur.  The 
length  of  such  a  .solid  piece  depends  upon  the  length  of  the 
metal  fittings,  and  also  upon  the  magnitude  of  the  bending- 
mo?n»»>»t  luul  the  shearing  force  at  that  point  on  the  spar. 

Ribs 

Uibs  must  )>(•  so  designed  that  the  reaction  due  to  air  lift 
forces  may  U'  >afely  transferred  to  the  spars.     Fig.  M  shows 
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the  popular  typo  of  light  rib  in  use  at  present,  m  which  the 
once  common  ply-wood  web  is  abandoned.  In  this  example, 
the  upper  and  lower  booms  are  connected  at  intervals  by 


Fio.  94. — 8ouD  Place  in  8par 


wooden  posts  slit  top  and  bottom  to  receive  the  narrow 
portions  of  web  to  which  they  are  carefully  attached  by  glue. 
This  is  quite  a  satisfactory  type  of  section  for  small  single  or 


Fio.  95. — Popular  Type  of  Rib 


two-seater  machines  where  the  maximum  applied  load,  includ- 
ing factor  of  safety,  would  not  exceed  about  75  lbs.  in  shear. 
It  will  be  observed  that  the  web  portion  is  sunk  into  the 


> 


Fig.    96. — Detail   op    Rib    Constructio.v. 
OP  Web  to  Boom 


Attach  itENT 


boom  (Fig.  96).  This  web  portion  is  cut  away  where  the  spar 
passes  through  the  rib,  for  the  spar  must  not  be  cut  down 
on  any  account. 

Stronger  vertical  posts  are,  however,  inserted  on  either  side 
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of  the  spar  and  tixed  tlicn  t  .  wvU  hn  to  the  nb  HaiigeM  by 
■orewi  and  ^ue. 

Afl  the  tiia  o!  an  aeropliuic  increaaea,  the  required  width  of 
rib  flange  does  not  suffer  much  increase,  because  the  available 
depth  of  the  wing  section  is  greater,  which  in  turn  aliowH  of  a 
deeper,  and  consequently  stronger  rib. 

The  load,  on  the  other  hand,  in  prolwbly  several  times 
greater  than  that  already  quoted  for  a  Hmall  or  medium 
sized  machine,  consequently,  special  attention  must  be  paid 
to  the  matuicr  in  which  the  connection  is  made  lietween  the 
rib  and  the  spar  in  the  larger  machine. 

There  are  several  wayH  in  which  satisfaction  may  be  obtained. 

The  rib  may  be  tirMt  fixed  to  the  npar  in  the  UMual  way  and 
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Pio.  97. — Attachment  of  Kib  to  I  Sbction  Spar 

then  carefully  bound  with  glued  tape,  so  that  there  would  Ix* 
no  tendency  for  the  tiange  to  leave  the  web.  If  the  soUd  / 
section  spant  are  used  (Fig.  07),  then  the  vertical  posts  in  front 
of  and  behind  the  spar  may  be  extended  so  as  to  fit  into  the 
spindled  part  of  the  spar,  but  this  is  expensive,  since  it  means 
increased  work  by  hand. 

II  the  spars  are  built  up  on  the  Tarrant  principle  (i.e.,  the 
girder  type),  then  a  piece  of  ply- wood  could  be  made  to  just 
pass  between  the  flanges  of  the  spar  (t.e.,  through  the  braced 
web  portion  of  the  girder  spar)  connecting  the  vertical  posts 
of  the  rib.  The  spacing  of  ribs  along  the  wing  is  important, 
and  never  ought  to  exceed  18  ins.,  an  average  being  some- 
where between  12  ins.  and  18  ins.,  according  to  size  of  wing. 
On  seaplanes,  however,  the  rib  spacing  on  the  bottom  wing 
must  be  reduced  somewhat,  in  oitier  to  withstand  the  heavy 
loads  sometimes  induced  by  sea  water.  Too  wide  spaoing 
means  excessive  sagging  of  fabric,  with  consequent  loss  of 
effioienoy. 
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Nose  ribs  are  always  inserted  in  main  planes,  ami  the 
spacing  of  such  nose  ribs  is  one-half  or  one-third  that  of  the 
full  ribs.  Their  function  is  to  support  the  fabric  at  the  point 
of  entry  of  the  plane  into  the  wind. 

Drag  Bracing 

As  will  he  H(»eii  from  the  G.A.  views  inserted  between 
pages  8  and  1),  the  front  and  rear  spars  are  to  be  braced  so 
that  drag  loads  may  be  taken.     On  this  account,  certain  of 


Pig.  98. — Ck)MPRE88ioN  Rib  Connection  to  Spar 

the  ribs  need  strengthening  to  be  capable  of  acting  as  com- 
pressive members  (i.e.,  drag  struts).  An  alternative  to  the 
strengthening  of  the  ribs  is  to  introduce  special  compressive 
members  in  the  shape  of  steel  tubular  or  wooden  struts. 

The  bracing  is  generally  composed  of  round  steel  wires  with 
swaged  ends,  attached  to  wiring  lugs  against  which  the  com- 
pression members,  in  whatever  form,  ought  to  abut.  Fig.  98 
illustrates  a  typical  arrangement  at  such  a  connection  between 
the  wire,  spar,  and  compression  member,  when  the  com- 
pression member  is  a  strengthened  rib.  Fig.  99  shows  a  similar 
connection  when  a  special  compression  tube  is  introduced. 
It  will  be  seen  that  both  schemes  necessitate  one  or  more  bolt 
holes  laterally  through  the  spar,  and  it  is  Advisable  that  these 
holes  be  set  as  near  as  possible  at  the  middle  of  the  depth 
(i.e.,  at  the  neutral  axis,  for  this  is  quite  important). 

Connection  of  Struts,  etc.,  to  Spars    Spar  Joints 

Fig.  100  shows  a  common  method  of  attaching  an  interplane 
strut  to  the  spar  by  means  of  an  eyebolt. 
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In  camm  {a)  and  (b)  %\w  major  axiit  of  the  spar  \»  normal  to 
the  wing  chonl.  If  tht*  wings  an*  not  KtaggerMl,  an  ordinaij 
e3rebolt  will  be  Muftieient,  aM  in  (a),  but  if  the  wingi are 


Plij.   I>9.   -TrHi'iJiu    DuAci   SrwrT  PoNKwriov   to  Spar 


Pig.     100. StKIT    ATTAtllMKNT    Ti  ►    >V.\H     KYKBOLT 

the  apar  is  subjected  to  torsion  of  amount  Pr,  since  the  lino 
of  strut  thrust  does  not  pass  through  it^  neutral  axin.  Further, 
the  ordinary  type  eyebolt,  if  used  under  such  conditions,  will 
be  subjected  to  a  bending- moment  Px*  at  its  root,  while  the 
bearing  pressure  of  the  bolt  in  the  spar  (due  to  the  horizontal 
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component  of  P)  should  be  checked.  In  cases  where  it  is 
excessive,  ferrules  are  often  used  so  as  to  increase  the  bearing 
area.  In  large  machines,  hollow  bolts  of  larger  outside 
diameter  are  sometimes  used,  but  these  are  comparatively 
expensive  to  produce. 


Pio. 


101. — Attachment  of   Incidence  Wire  to 
Strut  Socket 


A  better  arrangement  is  shown  in  (6),  where  the  eyebolt  is 
specially  made  so  that  there  is  no  offset  bending-mbment  at 
its  root.  The  spar  will  still  be  in  torsion,  but  this  can  be  taken 
up  by  the  ribs. 

Sometimes  the  spars  are  arranged  as  in  (c),  where  there  is 
no  torsion  in  the  spar,  and  no  bending-moment  to  be  taken  by 
the  eyebolt. 

The  method  of  attaching  the  main  lift  wire  has  already 
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been  indicaUd  in  Fig.  0.  Here,  it  iji  important  to  tee  that 
the  bearing  pretMure  of  the  \Hi\i»  in  the  n\iAr  due  to  the  hori- 
zontal componetit  of  the  lift  wire  load  in  within  rMUKimible 
UmitM. 

The  wiring  plate»  being  underneath  the  eyebolt  carrying  the 
interplaiie  ntrut,  Herveci  to  reduee  the  bearbig  preenure  <in  the 
spar  due  to  the  Ktrut  thrunt  and  due  to  tight<*ning  up. 

If  the  interplane  Htrut  were  attached  to  the  other  lK)lt.  the 
iitrut  load  would  Ik*  transferred  directly  to  the  lift  wire,  and 
the  question  of  bearing  preflsun*  would  not  apply,  except  in 
80  far  as  there  would  be  a  local  lift  at  that  i>oint.  The  effect 
of  such  an  alteration  would  be  to  increane  the  offHct  bending- 
moment  on  the  8|)ar,  in  which  ca^e  it  in  neoeesary  to  see  that 
the  ipar  can  take  it.  The  point  of  supfKirt  in  this  case  would  be 
at  the  intersection  of  the  line  of  thruHt  and  the  neutral  axis  of 
the  spar  as  before.  The  incidence  wires  are  lutually  attached 
to  lugs  provided  on  the  strut  socket,  as  indicated  in  Fig.  101. 


Metal  Type 

This  type*.  c(>ii>i>tinL'  nf  <>t)(>  or  more  wrappiiig  plates,  may 
be  used  with  a<ivaiita)^'c  on  nil  sizes  of  machines,  hot 
particularly  on  large  oius. 

For  easy  manufacture  of  tlu-  plates,  the  spar  can  be  locally 
packed  square.  The  main  lift  and  incidence  lugs  are  all  bent 
out  of  the  plates,  the  lugs  for  the  interplane  strut  being  slippe<l 
through  slot^  in  one  of  the  plates.  The  arrangement  is  such 
that  the  plates  can  be  fitted  or  removed  after  the  ribs  are  in 
)K>sition.  The  clip  as  a  whole  is  held  in  position  by  bolts,  the 
number  varying  acconling  to  that  required. 

It  is  shoM-n  in  Fig.  102.  This  form  has  some  disadvantage, 
inasmuch  as  it  often  means  that  holes  running  laterally  through 
the  spar  are  n»quired  at  some  distance  from  the  neutral  axis, 
Init  no  harm  is  done  so  kmg  as  the  actual  sjwr  flanges  are  not 
drilled.  The  lugs  from  such  a  fitting,  which  take  drag  struts, 
must  of  necessity  be  matle  much  stiffer  and  stouter  than  in 
the  case  of  tension  wiring  lugs,  so  as  to  take  compressive  load 
without  failure;  such  lugs  are  stronger  if  kept  as  short  as 
possible.  The  bearing  area  of  the  strut  pin  in  the  fitting 
ought  also  to  be  made  quite  sufficient. 

In  the  case  of  all  fitthigs  attached  to  spars  by  bolts  passing 
through  the  spars,  the  friction  is  worth  while  taking  into 
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account,  as  helping  the  bearing  of  the  bolt  on  the  wood.  The 
oo-efficient  of  friction  is  generally  taken  at  about  -3,  and  the 
area  over  which  friction  may  be  assumed  to  be  operative  is 
that  portion  which  the  bolt  may  reasonably  be  assumed  to 
control.  The  bearing  pressure  of  the  fitting  on  the  spruce 
spar  due  to  tightening  up  ought  not  to  exceed  800  lbs.  per 
square  inch,  and  this  figure  should  be  taken  as  the  normal 
load  in  estimating  the  frictional  load. 


Pig.   102. — Sheet  Metal  Type  of  Spar  Ffttino 

Thus,  if  -4  =  area  controlled  by  bolt  in  square  inches,  then 
allowable  frictional  load,  which  may  be  taken  as  helping  the 
bolt  in  bearing  on  the  spar,  is — 

^  X  -3  X  800  =  240  ^  lbs. 

Very  frequently  this  amounts  to  more  than  the  load  taken 
directly  by  the  bolt  in  l>earing. 

For  simplicity  the  designer  ought  to  endeavour  to  reduce  the 
number  of  plates  in  such  a  joint  to  a  minimiun  by  discreet 
bending  and  shaping,  etc. 

Tension  Lugs 

A  typical  form  of  Umsion  lug  is  shouTi  in  Fig.  103. 

The  ideal  in  the  design  of  such  lugs  is  to  obtain  uniform 
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strength  throughout.  ThuM.  the  lugM  must  be  m  iitroiig  in 
bearing  of  the  pin  on  the  plate,  in  tearing  out  the  end  of  the 
lug,  in  teniiion  acroiw  the  hole  (which  latter  muMt  be  Urge 
enough  to  itatiiify  the  pin  in  Hhear),  ait  it  iM  in  t4*nidon  at  ita 
paraUel  portion.  Theae  are  usually  worked  out  and  fitan<lard- 
tzed  onee  for  all  by  the  designer,  since  they  are  in  Mueh  conNtant 
use,  and  when  linted  eaoh  is  generally  known  by  the  fiize  of 
wire  for  which  the  imrticular  lug  in  Huitable. 

It  iH,  |H*rhapH,  adviitable  to  put  limitM  on  the  variouM  dimen- 
sions of  Kuch  lugH,  especially  the  pin  hole.  Scaler  of  limita, 
however,  are  almost  as  numerouM  as  designers. 


Fio.  103.— Typical  Form  of  Wirino  Lfo  , 

The  usual  clearance  for  the  hole  of  wiring  lugs  is  about  ^  in., 
but  even  this  varies.  Where  extra  bearing  surface  is  required, 
a  thickening  piece  is  brazed  to  the  end  of  the  lug,  as  in  the 
case  where  one  wiring  plate  has  two  lugs  taking  differently 
sized  wires. 

Sometimes  this  thickening  piece  is  carrie<i  along  the  whole 
lug  and  underneath  the  Ixilt  head,  so  that  not  only  is  the  lug 
helped  locally,  but  the  whole  lug  is  strengthened. 

Fig.  104  Hhows  the  two  methods  of  stn*ngthening  wiring  lugs. 

Bending  of  Wiring  Plates,  Etc. 

It  is  very  im;)ortant  that  lugs  l)e  bent  at  the  correct  angle 
of  the  wire  or  strut  to  which  it  is  to  be  attached,  and,  further- 
more, it  is  important  that  the  l>ending  line  be  not  far  away 
from  the  head  of  the  bolt  by  which  the  plate  is  fixed  to  the  s|)ar. 

The  reason  for  this  is  very  obvious  from  Fig.  I0.'>  (a)  iipd  (fc), 
which  show  the  correct  and  incorrect  methods  of  bending  such 
a  lug.     Fig.  105  (c)  shows  lug  set  at  incorrect  angle. 

It  is  easily  seen  that  unless  the  lug  is  pulling  right  from  the 
head  of  the  bolt<  there  is  the  tendency  for  the  lug  to  **  give  " 
when  the  wire  is  subjected  to  maximum  load,  in  which  cas4*  the 


Kyo.    104. — Methods  of  Strenothenino  Wiring  Lugs 


Fig.  105  (a)  I^^i"-  10«  ib) 

(a)  Correct.      (6)  Incorrect  Position  of  Bend  in  Wiring  Plate 
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wire  will  tdtkck  off  and  the  struoturo  will,  oonfleqaently,  be 
defornuHl.  The  im|Kirtanco  of  making  the  Une  of  pull  paas 
through  the  point  of  nupport  (i.e.,  at  the  junction  of  neutral 
axiri  of  8|uir  and  Htrut  line)  haa  been  impreaaed  in  another  place. 
Bending  allowances  ought  always  to  be  made  so  that  oaay 
bendM  may  bt^  attained.  Sharp  cornered  bends  should  alwa3rB 
be  avoideii.  Even  in  the  sharpest  bend,  the  minimum  radius 
should  not  1k«  leiw  than  >0A  in.,  or  the  thickness  of  the  pUte. 

Hblet  in  Span 

Wherever  eyeholtit  are  used  as  strut  attachments,  it  means 
that  the  bolt  holcM  required  are  necessarily  in  the  direction  of 
the  major  axis,  and,  furthermore,  as  is  sometime^t  the  case, 
when  ferrules  are  u^ed,  these  holes  are  slightly  larger  tlmn  the 
diameter  of  the  bolts  themselves.  The  direct  effect  of  the  boring 
of  holes  through  a  Hpar  in  this  direction  in,  of  course,  to  reduce 
seriously  the  luotnent  of  resiataiice  of  the  spar  to  bending,  and 
that  is  the  reason  why  the  stress  at  such  a  point  on  the  spar 
is  always  estimatiHl  in  order  that  it  may  not  exceed  the  Hmiting 
value.  To  some  extent  any  additional  wood  packing  pieces 
glued  to  the  spar,  or  metal  fitting  plates  attached  at  such  a 
point  may  contribute  to  the  strength  there,  but  these  are 
usually  neglected  in  calculations.  Spars  are  always  made 
solid  at  such  points  and  for  some  short  distance  on  either  side, 
because  the  shearing  stress  is  often  fairly  high  in  the  neigh- 
bourhood of  a  support.  The  usual  alt4?niative  to  the  use  of 
eyebolts  is  the  application  of  wrapping  plates.  These  are 
bent  into  the  form  of  U  and  bolted  Uiterally  through  the 
spar,  lugs  being  rivetted  and  brazo<l  to  these  plates  to  receive 
struts.  If  the  bolt  holes  are  drilliHl  through  the  spar  laterally 
at  or  near  to  the  neutral  line,  then  the  moment  of  resistance 
to  bending  is  not  much  reduced,  and,  on  this  consideration 
alone,  they  are  not  of  much  importance,  but  when  it  is  con- 
sidered by  how  much  the  local  stress  may  possibly  bt*  increased 
by  the  drilling  of  such  a  hole,  even  close  to  the  neutral  axis, 
it  is  essential  that  the  number  and  size  of  such  hoies  ahotild 
be  kept  as  small  as  possible.  It  was  Professor  Coker  who  first 
pointed  out  (see  Engineering,  Blarch,  1012)  by  his  optical  stress 
methods  that  if  in  a  beam  a  central  hole  be  drilleti  laterally, 
then  the  stress  at  the  outer  edge  of  the  hole  would  be  greater 
than  that  on  the  assumption  of  its  being  proportional  to  the 
distance  from  the  neutral  axis.     It  was  stated  that  if  the 
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diameter  of  the  hole  be  one- third  the  depth  of  the  spar,  then 
the  stress  at  the  outer  edge  of  the  hole,  inHtead  of  being  one 
third  the  skin  stress,  is  actually  52%  of  that  stress  (i.e.,  about 
67%  greater  than  if  it  obeyed  the  linear  law,  see  Fig.  106). 
In  the  case  where  two  holes  are  drilled,  the  variation  of 


x 


C£ 
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Fig.  106. — Showing  Variation  op  Stress  Due  to 
Holes  in  Spar 


gtress  is  still  more  complex,  and  at  the  outer  edge  of  the  hole 
is  actually  about  55%  more  than  the  skin  stress  at  the  outer 
edge  of  the  beam.  At  the  inner  edge  of  the  hole,  the  stress  is 
greater  than  that  given  by  the  linear  law. 

These  examples  show  the  importance  of  keeping  all  such  holes 
as  few  and  as  small  as  possible. 

The  ways  in  which  a  joint  may  fail  are — 

(1)  Shear  of  the  bolt. 

(2)  Tension  of  the  bolt. 

(3)  Shearing  through  the  timber. 

(4)  Crushing  of  the  timber  under  the  bolt. 

Items  (1)  and  (2)  obviously  depend  upon  the  size  of  bolt, 
but  it  is  possible  .sometimes  that  the  bolt  may  be  strong 
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enough  in  tennion  and  »hcar,  and  yet  not  prenent  suflficiffnt 
surface  to  the  tinil^or  to  avoid  failure*  under  itemii  (3)  and  (4). 
To  overoome  thift,  m  haa  been  seen,  ferrules  are  often  ujied,  or, 
in  large  machineti,  hollow  l>oltA  of  larger  diameter  oould  be 
adopt^. 

The  following  an*  exi>erimental  valuett^  which  agree  with 
thoee  calculatc<l  for  mild  Hti>el  \mAXh  in  good  qunlity  Mpruoe, 
where  the  bearing  length  in  not  letM  than  live  time**  the  liolt 
diameter — 


TABLE  S6 


UmdMtkm- 

On  OMtndor  bolt 

Oabolhwdiol 

boa. 

DkoMtar 

irib*. 

iriia. 

Otomtar 

irn». 

IT  no. 

oHwK. 

Bmrtacon 

BcwtagoQ 

of  boa. 

B*aH4C  QB 

BaAfftafliM 

iBdMi. 

iMegimbL 

md  grain. 

IneliM. 

lido  fnte. 

MMlgnte. 

l/« 

60 

150 

1/8 

125 

250 

3/l<l 

120 

800 

8/16 

250 

576 

1/4 

220 

540 

1/4 

425 

1050 

6/lo 

350 

850 

5/16 

700 

1650 

S/8 

480 

1220 

3/8 

050 

2350 

7/l« 

650 

1660 

7/16 

1300 

3200 

•1/2 

850 

2160 

1/2 

1700 

f  *■  "♦ 

9/16 

1075 

2740 

0/16 

2150 

5/8 

1S50 

3400 

5/8 

2700 

11/16 

1600 

4150 

11/16 

nj.'M. 

S/4 

1850 

4850 

3/4 

371  Ml 

■ 

lS/16 

2100 

'»'»<M» 

13/16 

4iMn» 

1(HMN» 

7/8 

240() 

i;4«M» 

7/8 

4H4NI 

llMNM) 

15/16 

2700 

7200 

15/16 

r»i(N» 

13600 

lin. 

sooo 

8000 

lin. 

(^NH> 

15000 

Use  of  Pins  in  Fork  Joints 

Parallel  pins  are  ummI  xtry  considerabl}'  in  aeroplane  work, 
and  it  is  important  to  mv  that  they  are  well  able  to  nupport 
the  forces  to  which  they  are  subjected.  Where  a  pin  is  well 
fitting,  and  can  Ih*  mnintained  at  that  degree  of  excellence, 

*  The  romlU  of  •xpehmoiiU  carried  out  at  the  R.A.E.  were  plotted  aikI 
A  fair  oorve  drawn,  from  which  curve  the  vahieii  in  the  above  table 
obtaiiMHl. 
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shearing  is  all  important,  provided  the  bearing  area  has  been 
made  satisfactory.  In  such  a'  case  of  double  shear  of  a 
well-fitting  pin, 

4 

where  P  =  applied  load,  including  factor. 

d  =  diameter  of  pin. 

/  =  allowable  shear  stress. 

C  =  constant  1-76  to  2  for  double  shear. 
Unfortunately,  however,  the  fitting  ol  pins  in  holes  becomes 
loose  after  a  time,  due  to  wear,  and  then  it  is  necessary  to  take 


IP 


Id 


Fig.  107. — Pins  in  Fork 
Joints 


Fig.  108.— Pins  in  Fork 
Joints 


into  account  the  inevitable  bending  which  undoubtedly  occurs. 
The  general  method  of  treatment  given  by  Unwin*  and  other 
technical  writers  is  as  follows — 

The  load  on  the  length  a  of  the  pin  is  assumed  uniform  and 
that  on  the  fork  b  is  assumed  triangular  (see  Fig.  107),  i.e., 
intensity  of  load  increasing  uniformly  from  outer  edge  inwards. 

Then  the  bending-moment  at  the  centre  of  the  pin  will  be — 

*  iSee  Unwin  Machine  D«n^»  Part  I. 
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where  P  in  the  load  on  the*  piti,  including  io«d  (actor  on  machine. 
The  Koction  nioduluH  of  the  pin 

hence,  strem  due  to  hending  will  be 

P/a        b 
^(4+3 


775 


32 
which  miiHt  Im«  kfpt  within  the  nllowahle  HtrcHH  for  the  nmtcTial. 
Another  trcatnicnt  of  ltM)s«*Iy  fitting  pini*  which  the*  Authoni 
8Ug>!CHt  is  the  following — 

It  in  HHsumod  here  that  f(»r  11  distance  x,  as  shown  m  Fig. 
108»  the  material  of  the  fork  and  tongue  is  stressed  up  to 
its  maximum  allowable  intensity  of  bearing  pressure. 
Then  let— 

P=  load  on  joint  in  lbs. 
d  =  diameter  of  pin  in  inches. 
/,  =  allowable  bearing  pressure  on  material,  Ibs./ins.* 
M^^  allowable  bending-moment  taken  by  pin  in  lbs.,  ins. 
c  =  clearance,  which  is  generally  small  compared  to  the 
distance  between  the  jaws  of  the  fork. 
From  bearing  considerations,  we  have 

2  df^  =  ^»  ®'  *  =  25^. 

but  if  =  ^  (X  -f  c) 

approximately  for  the  bending  of  the  pin,  and  inserting  for 
or,  we  have 

4df,+    2 


or  P    =   V4df^+tPf,*<*  -f,de 

If  r  is  so  small  as  to  bo  negligible, 

P    =  2  v^rf^ 
Now  the  maximum  bending  stress  taken  by  the  pin  depends 
upon  the  modulus  of  resistance  of  the  section. 
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For  a  circular  section, 

then   if  /  =  maximum   allowable   stress   in    the   pin   due   to 
bending,  we  have  Af  ==  f  Z. 

Hence,  this  value  may  be  inserted  in  the  formula  just 
deduced  and  the  following  table  compiled. 

TABLE    27 

Values  of  P  for  different  clearances  for  bolts  of  various 
diameters  are  tabulated  below  for  p  bearing  pressure  and 
bending  stress  of  80,000  lbs.  per  square  inch. 


Diameter. 

0 

01  in. 

0-2  in. 

0  3  in. 

i  in.   .   . 

776 

266 

146 

too 

4BA 

1000 

370 

216 

146 

(0-142)  „ 

2BA 

1740 

806 

470 

380 

(0186)  .. 

i/.. 

3140 

1720 

1086 

770 

A  .. 

4900 

3026 

2000 

1400 

Im 

7000 

6000 

3400 

2400 

A  .. 

9500 

7000 

5000 

3800 

k     M 

12530 

9160 

6870 

5360 

V-   M 

15700 

12400 

9300 

7200 

1. 

19400 

15500 

12000 

9600 

u  .. 

23700 

19000 

15100 

12400 

1   M 

28250 

22850 

18700 

16600 

n  M 

33600 

27300 

23000 

19000 

Im 

39000 

32500 

27300 

23000 

n  .. 

44600 

37500 

32000 

27300 

1  „ 

50150 

42800 

36700 

31600 

If  *• 

57000 

49000 

42600 

37000 

64000 

55600 

48600 

42600 

If. .. 

71000 

62000 

64600 

48000 

U  " 
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Attaehmwit  Fittings 


At  the  four  |N>iiiU  wht*n>  tht-  b|mni  aro  attached  to  the 
fuMbge»  the  attaohment  fitting  iiiuMt  be  examined  carefully, 
beoauBe  end  load  is  often  vei^  considerable  there,  either  aa 
tension  or  compression.  The  bottom  pUne  in  usually  hinged 
to  the  fuselage,  the  hinge  pin  being  set  horixuntally.  so  that  no 
lH*ii<liiig-moment  is  taken  at  that  |)oint.  The  hinge  pins 
ought,  htiwever,  to  be  carefully  checked  for  Ijoaring,  shearing, 
and  bending  of  the  pin  due  to  loose  fitting.  The  tearing  of 
the  fitting  platett  nhould  abto  lie  checked.  On  the  upper  plane 
at  least  one  of  the  wing  attachment  fittingH  is  made  fixed, 
the  rear  joint  may  or  may  not  Ix*  hinged  as  on  the  bottom 
plane.  At  fixe<l  jointM,  top  and  bottom  fish  plates  are  secured 
to  the  Hfiar  by  vertical  bolts,  the  outer  and  centre  portions  of 
the  Fpar  hutting  together  closely. 

This  attachment  fitting  must  withstand  whatever  bending- 
moment  thert*  is  in  the  spar  at  that  point. 

MiwillanaaDi  Details  on  Main  Planes 

The  leading  edge  is  usually  made  up  of  anh  and  in  Huitably 
shaped  to  receive  the  flanges  of  the  ribs,  which  are  glued  and 
screwed,  or  otherwise  fixed  by  means  of  metal  clips.  A  com- 
mon section  of  leading  edge  is  sho^iii  in  Fig.  109  ;  often  it  is 
hollowed  in  the  lengths  between  the  ribs. 

The  trailing  edge  is  generally  made  of  spruce  and  attached  to 
the  ribs  as  sho>»ii  in  the  same  figure.  As  an  additional  support 
to  ordinary  ribs,  a  tape  is  set  zig-zag  under  and  over  the  ribs, 
right  along  the  length  of  the  plane  and  back  again,  midway 
between  the  spars  (i.e.,  the  tape  passes  under  one  rib  and  over 
the  next,  and  so  on). 

At  the  points  where  the  tape  is  in  contact  with  the  flange  of 
a  rib,  it  is  glued  and  tacked  to  it.  To  some  extent,  this  scheme 
enables  one  rib  to  support  another  lateraUy.  The  main  idea 
is  to  connect  all  light  ribs  to  strength  or  end  ribs,  so  that  all 
the  ribs  forming  the  wing  would  (ietl(*i>t  together  laterally. 

To  assure  that  the  light  ribs  are  receiving  Uteral  support 
(if  necessary)  from  strength  ribs,  all  ribs  in  the  wing  are 
connected  by  means  of  stringers.  These  are  usually  of  spruce, 
about  \  in.  square  in  section  ;  two  would  be  used  on  each 
wing,  being  pUced  between  the  spars.  One  stringer  would 
connect  all  the  upper  booms,  and  one  the  lower  booms  of  each 
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rib.  Fig.  110  shows  the  stringers  in  position  and  the  chocks 
glued  on  to  them  on  each  side  of  the  web.  Sometimes  a 
stringer  is  placed  between  the  rear  spar  and  trailing  edge. 

The  inner  end  ribs  of  ailerons  are  usually  made  considerably 
stronger  than  ordinary  ribs,  and  very  often  a  diagonal  stay 
piece  is  set  across  the  comers  of  this  inner  end  bay. 

At  the  outer  end  of  the  aileron,  the  edge  is  generally  curved, 
and  is  frequently  made  of  an  ash  bend,  but  ash  bends  are 


Pig.  109. — Leading  and  Traiung  Edges 


Flo.  110. — Attachment  of  Strin«r:rs 


tolerably  expensive  to  make,  and  warping  is  so  difficult  to 
avoid,  that  spruce  pieces  have  been  introduced.  Fig.  Ill 
shows  how  this  has  been  done. 

It  is  important  that  wherever  possible  all  nuts  on  bolts 
used  on  main  planes  for  fixing  of  joint  plates,  wiring  lugs, 
strut  lugs,  etc.,  etc.,  should  be  locked  by  carefully  rivetting 
over.  Washers  should  be  used  in  places  where  the  bearing 
stress  due  to  the  initial  force  from  tightening  up,  or  the  actual 
load  coming  on  the  bolt  would  be  otherwise  excessive.  This 
is  particularly  so  in  the  case  of  bolts  through  spars,  where  a 
larger  aluminium  or  duralumin  washer  is  often  inserted  to 
protect  the  spar  against  crushing  of  the  wood.     Plain  pins  and 
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fitting  Mt>*  a  I  '     I.mK««1  Uy  meaiui  of  split  pins,  and 

ta|NT  piiiH  imi  •"    rivrit«ti  over. 

Hrtu'iiig  ill  tht'  iiiaiii  iiliini-*  i-^  not  alwAjTi  omde  of  tWAgBd 
wire  with  acijuHtable  end  tittm^H.  hut  is  oooadonally  nuule  of 
plain  piano  wire  of  Huitablo  8tn*ngth.  adjuKtment  being  made 
by  means  of  tum-buekieft  net  at  one  end  of  each  length  of  wire. 

Where  a  tumbuckle  in  attached  to  a  wiling  pUte,  a  fork 
end  taking  the  plate  would  be  used,  but  where  the  tum- 
buokie  conncct«  up  to  a  wire,  an  eye  would  be  used.  Turn- 
buckles  are  made  in  Ktandard  sizes  to  suit  standard  strangtha 
of  wire. 


Pig.  111. — BKfDs  for  Ailbrons  and  Elm^atowb 


Similarly,  when  a  plain  piano  wire  is  attached  directing  to 
a  wiring  plate,  the  hole  in  the  latter  must  be  comfortably 
rounded    out    to    avoid    abrasion    of    the    wire    by    sharp 


Struts  in  wing  structureH  are  occasionally  made  of  metal 
tube,  either  streamline,  as  in  .\u8tin  "  Whippet,*'  or  of  round 
tubes  with  wood  fairing  as  in  some  German  types.  The  relative 
weight  must  be  carefully  conHidere<l,  however,  or  the  structure 
may  be  unduly  heavy.  In  the  **  Whippet  "  all  flying  and 
incidence  wires  were  abolished  and  replaced  by  streamline 
tubular  struts.  Regarding  metal  construction,  the  reader  is 
referred  to  valuable  work  published  in  Aeronauiieal  Journal, 
in  September,  1010.* 

•  **llelAl  Conirtniclion  of  Airrnift        ^     ••    Thumlon.  f»^      4. 
Jonnwil,  8epi.  1919. 
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FUSELAGE 
The  fuselage  may  be  one  of  thrtc  t\  p*  s,  viz. — 

(o)  Girder  type,  consisting  of  longerons,  horizontal  and 
vertical  cross  members  all  braced  together  by  wires  to  form 
a  rigid  structure.  The  material  may  be  either  wood  or 
metal  tube. 

(6)  Semi-monocoque  type,  in  which  a  number  of  longerons 
are  held  in  position  by  hoops  or  rings  suitably  spaced  along 
the  length  of  the  structure.  The  whole  is  then  covered  by 
thin  ply-wood,  which  acts  as  a  covering  possessing  stiffening 
properties. 

(c)  Pure  monocoque  type  in  which  the  fuselage  is  merely  a 
wooden  shell. 

The  metal  tube  type  is  at  present  confined  to  tubular 
members  without  wire  bracing,  and  thus  really  forms  a  special 
case  of  the  girder  type. 

We  shall  now  briefly  examine  each  of  these  types  and  note 
their  advantages. 

The  most  common  is  the  braced  type  (a)  in  which  the 
longerons  and  struts  are  of  ash  or  spruce  with  swaged  wire 
adjustable  bracing  in  the  various  bays.  A  joint  of  such  a 
fuselage  is  analogous  to  Fig.  102,  where  provision  would  be 
made  for  the  attachment  of  side,  top,  and  bottom,  and 
diagonal  bracing.  A  few  of  the  bays  on  the  top  of  the 
fuselage  which  cannot  be  directly  braced  by  means  of  wires 
are  stiffened  in  other  ways ;  this  applies  also  to  some  of  the 
diagonal  bays.  The  metal  fittings  invariably  require  one  or 
more  hole*  drilled  through  the  struts  and  longerons,  and  in 
this  connection  the  designer  ought  to  bear  in  mind  what  has 
been  said  regarding  holes  in  spars.  If  the  load  in  a  strut  is 
fairly  large  then  the  bearing  pressure  between  this  strut  ai^d  a 
longeron  must  be  improved  by  inserting  a  piece  of  metal  plate 
between  the  two,  or  by  arranging  the  metal  fitting  so  that  this 
bearing  pressure  is  of  an  allowable  intensity  ;  this  is  important 
if  the  strut  be  of  ash  and  the  longeron  of  spruce.  This  type  of 
fuselage  is  easy  to  manufacture  and  erect,  and  its  square  or 
rectangular  section  is  advantageous  as  regards  the  attachment 
of  planes,  undercarriage,  tail  plane,  etc.  In  many  cases  the 
front  portion  of  the  structure  is  made  of  metal  tube  to  support 
the  power  unit,  but  there  is  very  little  to  recommend  such  a 
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praoiioe  imleas  it  be  that  bracing  wirot  can  be  fliMpenaed  with, 
oofnaequently  there  will  be  little  or  no  deformation  in  that 
portion. 

The  advantage  of  the  braced  wooden  type  of  funelage  iji 
that  it  can  be  built  with  a  minimum  of  weight,  itineo  all  the 
wood  parta  may  be  Mpindled.  It  formn  a  good  Htrong  Htructure 
and  poMeaaes  capability  to  withMtand  flhockn. 

The  bracing  wirea  are,  however,  liomewhat  of  a  disadvantage 
on  the  aoore  of — 

(1)  CoAt  of  manufacture. 

(2)  Liability  to  stretch,  thus  producing  deformation  of  the 
structure  which  may  interfere  with  the  netting  of  flying  or 
stabilizing  surfacee. 


Semi-Monocoqae  Type 

This  t^'pe  is  practically  a  combination  of  the  girder  and 
monocoque  t3rpe,  whereby  no  bracing  wires  are  required. 
The  construction  consists  of  a  number  of  longitudinals  of  built 
up  or  /  section,  held  in  position  by  hoops  at  various  intervals, 
the  whole  being  covered  by  ply-wood,  glued  and  screwed  to 
the  longerons  and  hoops.  The  circular  section  fuselage  lends 
itself  more  particularly  to  this  type,  but  it  would  be  quite 
possible  to  have  an  oval  or  even  rectangular  section. 

In  the  design  the  longerons  are  made  strong  enough  to  take 
any  bending  due  to  landing  loads  or  forces  on  the  tail,  while 
the  ply- wood  is  assumed  to  take  the  shear.  The  function  of  the 
rings  is  to  enable  the  structure  to  maintain  its  shape,  and  also 
to  hold  the  longerons  in  position  and  to  keep  them  well  up  to 
their  work.  Hence,  the  spacing  of  such  rings  will  be  Urgely 
determined  by  the  amount  of  support  necessary  to  be  given  to 
the  longerons  on  the  compression  side  of  the  fuselage  so  that 
they  will  not  fail  as  struts  at  the  points  of  attachment  of  wings, 
tail  plane,  undercarriage,  etc..  where  extra  local  strength  is 
required.  This  is  obtained  by  the  use  of  larger  hoops  or  two 
ordinary  ones  at  such  places.  The  ply-wood  covering  may  be 
cut  away  more  or  less  as  required,  for  the  admission  of  pilot, 
etc.,  but  it  is  important  that  not  too  much  be  taken  from  the 
sides  of  the  structure  where  the  maximum  shear  stress  occurs. 
Plate  8  gives  a  good  idea  of  the  t^'jK'  of  structure,  and  it 
will  be  observed  how  much  more  room  there  is  in  a  fuselage 
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of  this  kind  as  compared  with  the  girder  type  where  diagoxial 
bracing  wires  are  necessary. 

Flying  boat  hulls  are  constructed  on  similar  lines,  but  they 
must  possess  not  only  strength  but  a  certain  amount  of 
elasticity,  in  order  to  withstand  heavy  loads  due  to  sea  water 
forces. 


Pure  Monocoque  Type 

This  type  is  not  very  popular,  although  it  made  its  first 
appearance  many  years  ago. 

As  the  name  indicates,  this  type  consists  merely  of  a  wooden 
shell.  There  is  an  entire  absence  of  bracing  wires  and  long- 
erons, so  that  the  shell,  usually  of  ply- wood,  must  be  of  such 
thickness  as  to  withstand  the  loads  the  fuselage  is  called 
upon  to  bear. 

The  great  advantage  of  this  type  is  that  it  can  be  made  to 
any  desired  aerodynamic  shape,  whereas  in  other  types  the 
shape  is  more  or  less  defined  (i.e.,  square,  rectangular),  unless 
fairing  is  secured  to  the  fuselage  structure.  There  are  other 
advantages  in  common  with  the  semi-monocoque  type  already 
mentioned. 

Metal  Tube  Type 

Tills  type,  in  the  relatively  few  examples  in  which  it  has 
been  tried,  has  been  very  satisfactory. 

The  fuselage  may  be  made  in  one  continuous  length  or  may 
be  constructed  in  two  sections,  front  and  rear,  which  may  be 
made  easily  detachable  if  necessary.  It  is  made  square  or 
rectangular  in  section,  and  the  longerons  are  continuous  lengths 
of  tubing  upon  which  fittings  are  slid  and  set  according  to  the 
distances  between  the  various  cross  members.  The  cross 
members  also  are  of  tubular  form,  reinforced  at  the  ends  by 
a  short  piece  of  telescopic  tubing. 

The  ends  of  these  cross  members  are  flattened,  and  on  erec- 
tion fit  inside  the  lugs  provided  on  the  fittings  already  men- 
tioned. No  bracing  wires  need  be  used,  as  will  be  seen  in  the 
example  on  Plate  5,  which  shows  quite  well  how  the  sides 
and  top  and  bottom  of  the  fuselage  are  braced.  This  photo- 
graph is  actually  a  picture  of  the  Austin  "  Whippet  "  in 
skeleton.       At    the    connections   of    the    cross  tubes  to  the 
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fittiiigH,  Mmall  boltn  or  w>iid  or  hollow  tubular  riveU  mmy  be 
uiied. 

Plate  5  ahowa  a  tjrpioal  fitting  for  such  a  fuaelage,  which 
fitting  may  be  standartlizcd  for  several  jotnta  if  carefully 
arranged. 

If  and  whenever  this  can  be  done,  oonaiderable  economy 
will  bo  effected.  The  fi ttiiigH  may  be  sweated  and  pmned  to 
the  longerona. 

This  type  of  fu§eUge  has  proved  itaelf  to  be  quite  natiafactory 
from  a  strength  point  of  view,  and  iH  not  liable  to  diatortkm  in 
the  tame  way  aa  Btructuree  braced  by  meanii  of  wires,  sinoe 
there  is  less  possibility  of  the  members  elongating  mider  load. 
The  weight  of  the  structure  will  be  somewhat  greater  than 
for  the  wire-braced  structure  with  wooden  members,  but  the 
difference  ought  not,  strength  for  strength,  to  exceed  about 
10%.  One  or  two  difficulties  present  themselves  on  stniotiires 
of  this  type  at  joints  where  other  components  are  attached, 
namely,  landing  gear  and  spar  attachment  fittingH  on  the 
fuselage,  and  there  is  room  for  considerable  ingenuity  in  design 
at  such  {>ointM.  The  reinforcement  of  the  ends  of  cross  tubes 
demands  attention,  because  such  members  in  compression 
would  be  weak  at  the  point  where  flattening  takes  place,  the 
gauge  of  the  tube  material  being  comparatively  small. 

The  method  of  reinforcing  such  tubes  is  effected  by  telescop- 
ing a  short  length  of  tube  on  the  end  of  the  member,  either 
externally  or  internally,  before  flattening  and  subsequent  dip 
brazing.  The  short  reinforcing  tube  is  generally  placed 
inside  the  main  tube  and  then  flattened  in  the  press,  dip- 
brazed  in  a  brazing  bath,  and  afterwards  drilled  to  jig  length. 
Since  in  this  method  only  the  ends,  to  a  distance  of,  say, 
2  to  3  ms.,  are  dipped  into  the  bath,  when  brazing  it  is  a  good 
plan  to  carefully  anneal  the  tube  afterwards.  A  small  hole 
s\  in.  diameter  ought  to  be  drille<l  into  the  tube  (but  not 
through  both  sides)  as  far  from  the  centre  of  its  length  as 
is  practicable,  in  order  to  allow  of  the  free  escape  of  air 
from,  and  the  ccmsequent  flow  of  brazing  metal  into,  the 
reinforcement. 

Fig.  112  will  show  how  the  reinforcing  tube  is  inserted  and 
its  appearance  after  flattening.  This  t>'pe  of  fuselage  can  be 
ver>'  quickly  assembled  to  jig  and  may  be  considered  far  more 
of  a  permanent  job  than  the  ordinary  braced  type.  No  adjust- 
ment is  possible,  however,  and  in  general  is  never  required. 
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The  main  points  of  advantage  of  tliis  metal  construction  are 
strength,  durability,  and  ease  of  construction. 

As  an  alternative  to  the  use  of  tubes  it  is  not  improbable 
that  fuselages  may  be  constructed  of  several  light  longerons 
made  from  sheet  metal  bent  and  pressed  into  suitable  sectional 
outUne,  and  held  together  by  bulkheads  also  constructc^d 
from  sheet  metal. 

In  each  of  these  types  of  construction,  the  method  of 
mounting  the  engine  calls  for  some  deliberation,  depending 
upon  the  type  of  engine,  whether  of  the  Vee  type  or  the 
radial  type. 


aero/fc 


Fig.  112. — Tube  Reinforcement 


The  Vee  type  of  engine  is  accommodated  on  two  stout 
horizontal  engine  bearers,  usually  of  ash,  to  which  it  is  held 
by  bolts  through  lugs  provided  on  the  crank  case.  These 
engine  bearers  are  in  turn  supported  by  bulkheads  connecting 
the  two  sides  of  the  fuselage,  which  are  stiffened  by  means  of 
fairly  strong  three-ply  ash  on  either  side,  and  metal  plate 
fittings  complete  the  arrangement.  Such  a  scheme  is  prac- 
tically universal  and  is  entirely  satisfactory.  Sometimes, 
however,  the  engine  is  designed  to  take  tubular  bearers,  in 
which  case  the  engine  mounting  would  be  entirely  of  steel  tube. 
In  the  case  of  the  radial  engine  a  different  type  of  engine 
attachment  must  be  sought.  Usually  a  fairly  stout  flat  plate, 
flanged  all  the  way  round  the  edges  with  a  suitably  flanged 
hole  in  the  centre  and  other  lightening  holes  also  flanged  in  a 
lesser  degree,  is  designed  so  that  it  will  fit  over  the  front  end 


DFTVIT    OR^THV  229 

of   '     '  <  In  wiiuh  a  1.^  Hull  liijiua.     ihc  iliuigmg  of  the* 

|)li  •  I  t4»  Miiiif  extoiit  mill  till*  engine  in  direotly  bolutl 

t4)  the  plate  by  a  ring  of  lioltM  net  round  the  oentral  bole,  tbe 
bultii  paasbig  through  solid  lugn  on  the  engine  crank  eajte. 
Thi«  arrangement  Ih  good  so  far  ah  mert*ly  MU|i|>orting  the 
engine  is  concerned,  but  the  thruHt  <if  the  propeller  muHt  Im* 
taken  in  some  other  way  than  by  a  (iat  plate.  Thin  may  U* 
done  quite  well  by  meann  of  alxiut  four  or  Mix  tuboH  from  the 
ends  of  the  longeronn  of  the  fum«lage  to  points  on  the  crank 
ease  of  the  engine  ;  they  an*  thuM  able  to  tranHmit  the  pn>- 
|M'ller  thrust  to  the  fuKc>lage  direct,  and  are  further  able  to  help 
the  plate  in  the  Kupi>orting  of  the  engine  with  it^  centre  of 
gravity  overhung  from  the  fuselage.  It  ia  an  advantage  if 
these  stay  tubes  have  means  of  adjuHtnient  mo  that  they  may 
be  lengthened  or  shorteneil  for  convciiience. 

In  the  different  iyiH*H  of  fuselage  thcHe  engine  mountingn 
will  of  necesKity  Ik^  com»8|)ondingly  modified.  The  static 
thnist  of  the  propeller  may  be  taken  to  be  about  7  lbs.  |>er 
H.P.  developeil. 


Tabei  in  TeDsion 

With  tulxfH  in  tension,  some  amount  of  care  is  neoeasary  in 
the  adoption  of  the  type  of  end  fittings.  The  following  are 
standani  methods. 

If  it  is  not  desirable  to  flatten  the  tube,  then  a  socket  may 
be  turned  to  a  good  fit  into  the  ends  of  the  tube  and  pinned 
and  sweated  to  it,  taper  pins  about  iv  or  |  being  used, 
according  to  size  of  tubes,  the  portion  of  socket  out^de 
the  tube  having  previously  lx^en  milled  to  some  suitable  fonn, 
either  forked  or  plain.  Such  a  s(x;ket  with  a  plain  end  would 
be  as  illustratcHl  in  Fig.  113. 

Another  method  (Fig.  114)  is  to  make  a  saw-cut  for  a  short 
distance  down  the  tube,  the  two  portions  being  then  opened 
out  to  receive  a  r(»inf<»reing  U  piece,  which  is  then  cither  brazed 
in  or  edge  weldinl.  The  U  piece  is  generally  made  of  a  some- 
what thicker  gauge  than  the  tube  itself.  This  method  of 
•*  ending  **  tubes  is  still  very  popular  and  givej*  satisfaction  ; 
it  is,  however,  much  more  expensive  than  the  method  already 
described,  in  which  a  reinfort^ng  piece  of  tulie  is  inserted 
at  each  end  of  the  tuU*.  which  is  then  flattened  and 
dip>brazed. 
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Landing  Gears 

Landing  gear  legs  are  generally  made  either  of  round  or 
streamline  tubes,  and  the  load  is  always  compressive,  so  that 
it  is  usual  to  fit  a  turned  socket  into  the  tube  end,  as  described 
above.  It  should  be  made  certain  that  the  pins  in  the  sockets 
are  strong  enough  to  withstand  the  heavy  loads  taken  on 
landing. 


^ 


Fic}.  li:i.  -  S(>(  KKT  Km>  fok  Tube 


Pio.  114. — Tube  Reinforcement  With  U  Piece 


Pio.  115. — Bottom  Bracket  op  Undercarriage 

If  streamline  tubing  is  used,  then  a  telescopic  fitting  must 
be  made.  In  this  case,  too,  when  streamline  tubing  is  used, 
a  bracket  (Fig.  115)  must  be  designed  to  connect  the  front  and 
rear  leg,  whereas  if  round  tube  be  used,  both  front  and  rear 
legs  may  be  made  from  one  length  of  tube. 

The  operation  of  bending  the  tube  without  local  damage  is 
not  too  easy,  and  hence,  even  with  round  tube,  often  a  short 
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horizontal  piece  ^»nth  sockeU  oonnecto  front  and  rear  tubes. 
(FiK.   116.) 

Axle  tubing  for  the  landing  gear  should  be  of  particularly 
good  material,  since  it  must  withstand  heavy  bending-momenta 
due  to  the  overhang  of  the  wheel  from  the  rubber  shock 
absorber  cord  fixing  at  the  bottom  bracket  of  the  legs.  On 
this  account  the  overhang  should  be  kept  as  small  as  practicable. 
The  cross-bmeing  wires  are  of  streamline  form. 


Fi«.  \H\. — Bottom  Bracket  of  rNDERCARRiAOB 

The  offset  of  these  wires,  taken  as  they  are  from  the  front 
legs  only,  should  be  kept  within  reasonable  limits,  if  not  entirely 
eliminated.  It  should  also  be  the  endeavour  of  the  designer 
to  avoid  offset  couples  at  the  attachment  of  the  front  and  rear 
legs  to  the  fuselage. 

Tail  Plane  and  Elevators 

As  far  as  regards  detail  design  in  the  tail  plane  and  elevators, 
almost  everything  already  discussed  in  connection  with  main 
planes  applies  equally  well  here  and  there  is  no  point  in 
duplicating  the  work. 

Oftentimes,  instead  of  the  usual  streamline  ^-ire  external 
bracing,  streamline  tubes  are  used  either  above  or  below  the 
unit,  and  completely  brace  it,  since  they  are  capable  of  with- 
standing either  tension  or  compression.  This  ought  to  be 
done  very  judiciously  or  else  it  \*'ill  be  found  that  the  weight 
becomes  excessive.  Stiffer  fittings  would  necessarily  be 
required  in  the  case  of  struts  nit  her  than  wires.  The  attach- 
nwut  i)f  thr  ulxuo  tn  fho  rear  portion  of  the  fuselage  ought 
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also  to  receive  due  consideration,  especially  where  tail  plane 
adjusting  gear  is  fitted. 

Hollow  Wooden  Struts 

Hollow  wooden  lengths  suitable  for  struts,  etc.,  have  been 
designed  with  considerable  success.  They  possess  the  proper- 
ties of  strength  and  lightness  in  gowl  degree.  Notable  amongst 
such  designs  are  the  productions  of  the  McGruer  Hollow  Spar 
Co.,  Ltd.,  who  have  produced  large  quantities  of  their  patent 
bent-wood  spars  for  use  on  aeroplanes  during  the  war.  Tests 
made  upon  such  have  been  quite  satisfactory,  as  will  be  seen 
from  the  results  given  in  Table  28,  for  which  we  are  indebted 

TABLE   28 
Tests  on  McGrurr  Hollow  Spbuce  Spars 


Royal  Aircraft  Establishment. 


Length. 

JEx.dia. 

T. 

Load. 

inl 

ins. 

ins. 

lbs. 

Weight. 

Load  per  sq.  in. 

1 

19-62r> 

108 

22 

2600 

2f  oz. 

4420  lbs. 

2 

252.5 

1-27 

•26 

3120 

5 

3770  ., 

3 

390 

1-58 

•26 

3226 

10}   ., 

3015  „ 

4 

66-626 

1-82 

32 

3310 

22*   „ 

2206  „ 

6 

210 

1-62 

•27 

6640 

6i   ,. 

6260  „ 

Lieutenant  Scobd,  London. 


Length, 
ins. 

Ex.dia. 
ins. 

T. 

ins. 

Load, 
lbs. 

Weight. 

Load  per  sq.  in. 

1  62 

2  6712 

3  38 

4  67-76 
6  113-37 

349 

346 

1672 

2-40 

3-61 

•299 
•301 
22 
-284 
-31 

10300 

10990 

4800 

4000 

4360 

3  lbs.  4  ozs. 
3  ,.   8J  „ 
9  „   8  .. 
2  ..   1  „ 
6  ..  15  „ 

3440  lbs. 
3700  ., 
4420  ,. 
2126  „ 
1400  „ 

Professor  Lea,  Birmingham. 


Length. 

Ez.dia. 

T. 

Load. 

inl 

ins, 

ins. 

lbs. 

Weight. 

Load  per  sq.  in. 

1    68 

343 

•37 

12660 

3  lbs.  6  ozs. 

3570  lbs.- 

2   124 

326 

376 

4630 

6  „   3  „ 

1180  ,. 

3    64 

3-2 

-36 

11800 

2  „  13  „ 

.3750  „ 

4   100 

32 

•36 

6300 

4  „   8  „ 

1690  „ 

6   124 

4-48 

-26 

7400 

7  „   6  ,. 

2125  ,. 

T**  is  thickness  of  waJL 


All  these  spars  were  circular. 
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to  the  McGruor  Hollow  8par  Co.    Tin-  ^•r^^t^n  m<  timi  o!  the 
McGnier  Htrtit  im  nhomi  in  Pig.   117,  from  which  it  will  be 


Flu.  117.-— CromSbctioii  of 

MciiRUKIt  OlBCULAR  STRTTT 


Ficj.  lld.^CROiW  Sbcthkn  or 
Mi*iiKt7BR  Oval  Htrvt 


Fio.  119. — (*RoH«  Section  of 

McCiRUER  STRBAMUKB  StRUT 


The    curyf    w    conctructMl 
from  th«  fonnulA 


wb««  P  >•  coliapMnn  WmmI 
io  poonda  per  aqiuuv  inch 
o(  wietiotfl  are*. 

B  •■  tho  modnltw  of 
elaalicitjr  of  th«  mat«n«J 
(I.600.UU0  IIm.  per  aq.  in. 
for  good  ailver  spnie*). 


o  SO  -rs  too  lu  ISO  10 

PlO.    120.— RBHULT8  OF   Mc^liKrKR  TB8TB  ON  SPBDCB  ^TRirni 
^    l*LOTTKD   WITH    RSFKRKNt  K  TO  Tl«   EUUSH  CUKVK 

obeenred  that  the  thin  boards  from  which  the  strut  is  made 
are  bent  breadth-wise,  the  edgee  being  joined  in  the  form  of  a 
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scarf  joint  with  waterproof  glue.  As  will  be  seen  from  Figs. 
118  and  119,  the  cross  sectional  shape  is  not  confined  to  the 
circular  form,  but  that  oval  and  streamline  shapes  are  also 
possible  ;  furthermore  the  struts  can  also  be  made  with  taper 
or  merely  parallel.  The  Euler  curve  of  loads  is  shown  in 
Fig.  120,  and  a  series  of  points  representing  actual  tests  on 
long  spars  are  plotted  relative  to  the  curve.  Point  A  represents 
the  result  of  a  strut  test  between  parallel  plates  ;  Point  B 
represents  tests  of  a  similar  strut  between  small  balls  in  sockets; 
Point  C  represents  a  test  between  small  balls  without  sockets. 
The  end  fittings  for  such  struts  are  important  when  used  on 
aeroplanes,  and  probably  the  best  way  is  to  plug  the  ends  with 
solid  pieces  of  wood  in  order  that  a  good  attachment  may  be 
obtained  with  the  metal  fitting  usually  forming  the  connection 
of  struts  to  the  supported  object. 

There  are  other  forms  of  strut  made  by  wrapping  very  thin 
strips  of  wood  spirally,  good  quality  glue  being  used. 

It  is  doubtful,  however,  if  these  may  be  used  with  the  same 
success  as  struts  made  in  other  ways. 

The  old  method,  and  it  is  used  to  some  extent  now,  of 
manufacturing  hollow  struts  is  to  spindle  out  the  middle 
portions  of  two  halves,  which  are  then  carefully  glued  together. 
This  method  is  used  in  the  construction  of  aileron  and  elevator 
spars  also.  A  tongue  is  inserted  along  each  of  the  two  edges 
to  be  glued  together,  in  order  to  increase  the  glued  area. 
These  are  satisfactory,  but  not  cheaply  made. 

Welding,  Brazing,  and  Sweating 

Joints  made  by  any  of  these  processes  may  not  always  be 
assumed  to  be  100%  efficient  (i.e.,  the  finished  job  is  not 
taken  to  be  as  strong  as  if  it  were  made  for  a  single  piece  of 
material). 

Discretion  must  in  every  case  be  used  in  deciding  what 
"  efficiency  factor  "  shall  be  given  to  a  particular  case. 

Welding  should  always  be  done  with  care  because  the 
temperature  of  the  fiame  is  so  high  that  it  is  comparatively 
easy  to  locally  over-heat  the  metal ;  it  is  also  a  fairly  expensive 
process.  It  is,  of  course,  a  particularly  convenient  process  to 
be  able  to  make  use  of,  but  in  general,  unless  the  operator  is 
really  skilled,  it  should  be  avoided  except  in  places  where 
strength  is  relatively  unimportant.     It  is  advisable  in  many 
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to  anTu*iil  after  welding  lieoause  local  brtttleiieas  often 
ahowi  itaelf  in  the  vicinity  of  the  weld. 

Brazing  in  another  proceaa  uaed  in  the  oonneoUng  of  tabaa, 
plateH,  and  fittings  generally.  It  may  Ix*  done  either  by  hand 
(i.e.,  by  meana  of  a  blow-|MiM*)  or  in  a  dipping  Ijath. 

There  in  not  a  great  deal  of  (lan^i'r  fn>m  over-baatiQg  wheo 
done  by  hand,  but  unless  the  dipping  bath  be  oarefiilly  regulatod 
in  temperature,  it  has  been  found  that  over-heating  does  occur 
and  serious  cracking  of  the  plates  takes  place.  If  parts  are 
annealed  after  brazing,  then  care  must  be  taken  that  the 
melting  point  of  the  npelter  in  never  approached,  otherwise, 
of  courne,  it  will  simply  run  out  of  the  joint. 

Sweating  con8iRt«  of  noldering  the  surfaces  to  be  joined 
together.  The  surfaces  are  gently  heated  until  the  solder 
between  them  fuses.  On  oooling,  the  parts  ooneemed  are 
joined  together.  The  temperature  required  for  this  operation 
is  low  compared  with  that  required  for  welding  or  brazing. 
In  the  case  of  the  two  latter  the  {mrtA  concerned  are  annealed 
sometimes  to  a  serious  extent.  A  high-class  carbon  steel,  for 
instance,  would  have  its  yield  point  reduced  from,  say,  30  tons 
per  square  inch  to  about  half  that  value.  Therefore,  by 
soldering,  owing  to  the  comparatively  low  temperature  the 
metal  is  not  annealed  to  anything  Like  the  same  extent,  and 
this  is  an  obvious  advantage. 

Different  qualities  of  solder  may  be  used,  some  having 
lower  melting  points  than  others.  When  these  latter  are  used, 
the  method  is  known  as  soft-soldering. 

Regarding  the  relative  strengths  of  the  three  methods, 
welding  is  strongest,  with  brazing  taking  second  place. 

Dtflection  of  Spars,  Etc. 

It  is  probable  that  for  some  reason  the  deflection  of  a  spar 
is  desired  at  some  point  or  other.  For  all  practical  purposes 
the  graphical  method  of  perfonning  the  double  integrmlkm 
is  much  to  be  preferred.  As  an  example,  take  the  spar* 
whose  B.M.  diagram  is  drawn  in  Fig.  121.  it  is  required  to 
find  the  deflection  at  every  point  due  to  the  loading  from  which 
this  B.M.  diagram  was  produced.  To  obtain  the  deflection, 
a  curve  of  slope  must  be  drawn,  and  from  this  curve  a  deflection 
diagram  is  deduced  in  a  similar  manner.    The  graphical  method 

*  Thk  spar  has  been  ohoeen  beeeuee  it  ie  eupported  ei  rooiv 
the  epera  oooeideied  in  Chepler  UH^tq, 
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is  more  eaiily  performed  if  the  l^ending- moment  diAgram  be 
drawn  on  tquared  paper,  then,  commencing  from  either  end, 
begin  the  integration  of  the  B.M.  diagram,  making  the  oidinate 
at  any  point  of  the  curve  of  slope  equal  to  the  area  under  the 
H.M.  curve  up  to  that  point  from  the  end  considered. 

The  area  is  obtained  by  merely  counting  of  squares,  which 
may  be  done  quite  quickly  ;  it  muMt  1m<  done  carefully,  however, 
otherwise  inaccuracies  u-ill  Hhow  themHelven  in  the  deflection 
diagram.     Having    drawn    the    curve    of    slope,    a  suitable 
base  line,  preferably  a  mean  line,  should  now  bo  draun  and 
the  process  of  integration  repeated  to  produce  the  dellection 
curve.     A  check  on  the  accuracy  of  the  integration  in  found, 
inasmuch  as  the  base  of  the  deflection  curve  ought  to  pam 
through  the  Hup|)orts  at  points  which  are  colline4r  {see  Fig.  121 ), 
deflivtionn  being  measunnl  from  this  line. 
All  that  remains  is  that  the  scales  be  worked  out  as  follows — 
Linear  scale  1  in.  =  2  ft. 
B.M.  scale      1  in.  =   lOOlbs.  ft. 
The  curve  of  slope  has  been  drawn  such  that  1  in.  ordinate 
w  1  sq.  in.  B.M.  area,  and  deflection  curve  has  been  drawn 
such  that  I  in.  onlinate  =  1  sq.  in.  slope  curve  area. 
Hence,  1  in.  ordinate  of  deflection  curve 
2  X  2  X  10()  X  (12)». 

= E^x  I  "^- 

In  this  case^=    1*4  X  10'  lbs.  per  sq.  in. 
/  =  2-23  ins.« 
.     ,.  400  X  1728  ^^^^. 


APPENDIX 

WING  SPAR  STRESSES* 

By  H.  a.  Webb,  M.A.,  A.F.Ae.S.  and 
H.  H.  Thoene,  B.A.,  B.Sc. 

(1)  The  calculation  of  the  stresses  in  the  spars  of  aeroplane 
wings  is  important  and  difficult.  The  graphical  methotls 
commonly  used  give  good  results  for  normal  horizontal  flight, 
but  are  inaccurate  when  any  bays  of  the  spar  have  large 
compressive  end-loads  ;  and  this  often  happens  when  the 
wings  are  heavily  loaded,  as  in  diving  or  stunting.  Hence, 
these  methods  are  unreliable  for  the  very  important  purpose 
of  estimating  the  factor  of  safety.  On  the  other  hand,  the 
exact  mathematical  solution  involves  trigonometrical  functions 
in  a  compUcated  way.  This  is,  perhaps,  not  a  great  disadvan- 
tage if  the  object  is  merely  to  check  the  strength  of  a  wing 
that  is  already  completely  designed.  The  drawback  for  the 
designer  is  that  the  physical  meaning  of  each  term  in  the 
formulae  is  not  clear,  so  that  it  is  impossible  to  judge  from  the 
formulae  the  effect  that  a  small  modification  of  the  design  is 
likely  to  have  on  the  strength  ;  each  case  considered  has  to  be 
worked  through  from  beginning  to  end  independently. 

The  object  of  the  following  is  to  give  a  method  free  from 
both  these  defects.  The  formulae  in  3  and  4  are  so  simple 
that  the  physical  meaning  of  each  term  is  seen  at  once  ;  and 
by  means  of  them  the  bending-moment  diagram  of  the  spar 
can  actually  be  drawn  more  quickly  than  by  the  old-established 
graphical  methods,  all  the  necessary  calculations  being  per- 
formed with  a  shde-rule. 

It  is  true  that  none  of  our  formulae  are  mathematically 
accurate  but  they  are  approximate  enough  for  practical  pur- 
poses for  all  loads,  from  those  of  normal  flight  up  to  those 
that  overstress  the  wing,  and  they  can  be  used  with  advantage 
to  find  the  factor  of  safety. 

Mathematical  readers  can  verify  the  closeness  of  the 
approximation  by  term-by-term  comparison  with  the  exact 
mathematical  formulae. 

•  First  published  in  AenmatUicSf  Jan.,  1919. 
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(2)  Notefttai 

To  fix  ideiui,  ocmiiider  the  left  wing  only  Tlir  air  loa«l  iti 
normal  flight  is  positive.  Hogging  U*nciing  inointiitH,  muc  h  an 
thoMe  due  to  tho  upwanl  air  load  in  normal  flight,  are  poattive ; 
nagging  bending-momenUi 
are  negative.  We  make 
the  UMual  aasumptionii  that 
each  MfMir  ia  a  continuouH 
beam  whoae  supporta  are 
ooUinear ;  that  the  oroaa- 
HeoUon  of  each  bay  ia  uni- 
form, though  it  may  be* 
different  in  diffen»nt  lmy8  ; 
and  that  the  load  due  to  air 
foRTH  JM  uniformly  dirttri- 
buted  along  the  Imy,  though 
it  may  be  different  in  differ- 
ent bays. 

For  any  bay  1,  2  («€«  Fig.  122). 

/  feet  =  the  length  of  the  bay 

/  in  imitij        =  the  croas-sectional  moment  of  inertia  in 

bending 
i4  sq  in.  =  the  sectional  area 

i?lb.  persq.  in.=  Young's  modulus  of  elasticity. 
IT  lb.  per  ft.      =  the  uniform  upward  load  on  the  bay,  due 

to  air  forces. 
Ml  lb.  ft.  =  tho  fixing  moment  at  1. 

if,  lb.  ft.  =  the  fixing  moment  at  2. 

if  MM  lb.  ft.       =  the   bending- mcment    at    the    middle  of 

point  O  of  the  bay. 
M„^  lb.  ft.       -=  the  maximum  bending-moment  in  the  bay 

occurring  at 
=  tho  distance  from  the  left  end  of  the  bay. 
ft.  =  the  distaooea  from  the  left  end  of  the  bay 

of  the  points  of  inflexion  </,  and  •/,, 

where  the  bending-moment  is  lero. 

It  sliould  Ik*  noticed  that  i/|  and  J/,  are  generally  negatiTe, 
and  'oonsecjuently  3/,^,  although  it  represents  the  Ugheat 
point  of  the  bending-moment  diagram  in  the  bay,  is  not 
necessarily  the  greatest  bending-moment,  because  it  may  be, 
as  in  Cj,  numorically  kaa  than  if|  or  ifg,  or  both  ;   and  also 


a  ft. 
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that,  though  there  are  usually  two  points  of  inflexion,  J,  and 
•/„  there  may  be  only  one. 

The  fixing  moments  on  the  two  sides  of  a  support  are  often 
unequal,  because  of  the  offset  pull  of  the  wires. 
When  this  happens — 

if ,^  lb.  ft.   =  the  fixing  moment  to  the  left  of  2. 
=  the  fixing  moment  to  the  right  of  2. 
=  the  direct  compressive  or  tensile  end-load  in 

the  bay. 
=  The  crippling  ciiH-load  of  the  bay  regarded 
as  a  pin-jointed  strut,  according  to  Euler's 
formula,  so  that 

n*EI  X  144 

= n »     (^  in  ^^) 


M^  lb.  ft 

Plb. 


P.  lb. 


P. 


We  assume  that  P  <  P^;  this  may  seem  obvious,  but  it 
has  been  shown  that,  as  a  matter  of  pure  theory,  a  bay  may, 
in  certain  circumstances,  be  held  up  by  the  neighbouring 
bays  to  support  more  than  its  individual  crippling  end-load, 
P„  but  it  would  l)c  rash  to  rely  on  this  in  design. 

The  formulae  from  which  the  bending- moment  diagram  is 
dra\^Ti  depend  on  whether  the  spar  is  in  compression  or  tension. 
In  a  biplane  in  normal  flight,  the  spars  of  the  top  wing  are  in 
compression,  and  those  of  the  bottom  wing  in  tension. 

Spar  in  Compression 

Theorem  of  three  moments  for  two  consecutive  bays  1-2 
and  2-3  is  (see  Fig.  123)— 


Fio.  123 
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For  any  Uy  1-2  (Fig.  122)— 

(lf.-if,)» 
ir-«-  J/-U  ;   4      '^ (3) 

occurring  at  distance  a  from  left-hand  support  where 

a       =1/+^^' (4) 

and  position  of  J^  and  «/,  arc  formed  from        *        , 


^.  =*'+»(^)-t'-'^ 


^        .  (66) 


Spar  in  Tension 

Fig.  123  sjiMK  as  IxfiMi',  then  the  theorem  of  three  moments 
lor  any  tw(«  «  nn-^i-utive  bays  1-2,  and  2-3,  is — 

+  2ir^[M.32y  +  J..P.[l+5^Jj  =  0.      (6) 
for  any  bay  (Fig.  122) 


(7) 
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M^  =  p^  ji  (Jf.  +  if.)  [l  -  -21  y  +  .98^ j 

if«.=  if.«  +  i^-^^^^         ....         (8) 

at  a  distance  a  from  the  left-hand  support,  where 
(if,  -  M.) 

The  formulae  for  tension  arc  more  accurate  than  the 
corresponding  formulae  for  spar  in  compression. 

Remarks  on  the  Formulae 

The  method  of  using  these  formulae  is  as  follows  :  Thi^ 
fixing  moments  are  found  by  applying  (1)  to  each  pair  of 
consecutive  bays,  in  a  similar  way  to  the  appUcation  of  the 
three  moment  theroem  to  a  continuous  beam.  The  presence  of 
end-load,  in  this  method,  does  not  increase  the  difficulty  of 
the  numerical. work. 

The  formulae  (2)-(5)  are  then  used  to  find  in  each  bay  at 
least  two,  and  usually  four,  additional  points  on  the  curve, 
including  the  highest  point ;  the  complete  bending-moment 
diagram  is  then  drawn  at  once  by  putting  in  a  fair  curve 
through  the  points  found  in  each  bay. 

It  is  very  important  to  notice  that  the  values  of  the  fixing 
moments  found  fronf  (1)  are  usually  negative  and  that  these 
negative  signs  must  be  retained  in  the  formulae  (2)-(5).  For 
instance,  if  AB  is  the  bay  next  to  the  wing  tip,  if  ,^  will  be  the 
fixing  moment  due  to  the  air  load  on  the  wing  tip,  and  from 
our  convention  of  signs  it  is  clear  that  M*  is  a  negative 
quantity. 

The  points  of  inflexion,  J,  and  J 2  (Fig.  122),  should  b( 
found  from  (5)  so  that  a  good  curve  may  be  drawn,  and  also  tu 
help  the  designer  to  decide  where  spindling  of  the  spar  section 
should  cease.  It  may  be  remarked  that  where  if  ^mix  is  negative, 
J,  and  J,  do  not  exist.  This  is  confirmed  by  (5)  because  the 
square  root  of  a  negative  quantity  is  imaginary.  The  numerical 
work  of  finding  the  fixing  moments  from  (1)  should  always  be 
checked.  The  formulae  (2)-(5),  however,  check  themselves, 
since  the  points  should  lie  on  a  regular  curve  in  any  particular 
bay. 
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LOAD  FACrrORS  FOR  COlfMERCIAL  AIRCEAIT 

TiiK  following  communique — being  a  report  of  the  Advijior>' 
CoiiiiiiitUH*   for   AeroDAatios — bat   been  iatued    by    the   .\ir 

Ministry    - 

Introduction 

Whfn  the  employment  of  aircraft  for  civil  purposes  beoame 
praoticabUs  owing  to  the  termination  of  hontilitios,  rDpresenta- 
tivi*H  of  the  aircraft  induHtry  |N)inted  out  the  necemity  for 
arriving  at  an  agreement  as  to  the  load  factoni  to  be  worked 
to  in  (lt*Higning  commercial  aircraft. 

Although  knowliHlge  on  thiM  Hubject  had  inoreaaed  very 
largely  during  the  war,  the  bases  and  methods  upon  which 
deMignem  worked  varied  considerably,  and  it  was  obvious 
that  the  matter  was  one  requiring  careful  technical  investigatioil. 

The  Air  Council  therefore  requested  the  Advisory  Committee 
for  Aeronautics  to  appoint  a  Sub-C\>mmittee— upon  which  the 
xariouM  intereHtcci  bodicH  flhould  be  represented — to  consider 
atnl  rt'port  oh  to  the  definite  rules  which  should  be  adopted  to 
^'ovtni  the  load  factors  required  for  all  classes  of  civil  aircraft, 
and  upon  which  Certificates  of  Airworthiness  may  be  based. 

The  unanimous  report  of  this  Sub-Committee,  which  has 
now  been  approved,  is  given  below.  Its  provisions  will  be 
made  applicable  to  designs  submitted  to  the  Director  of 
Research  after  15th  March,  1920. 

The  memorandum  will  appear  in  due  course  as  Report 
No.  T.1425  of  the  Advisory  (Committee  for  Aeronautics. 

SCHEDULE  OF  LOAD  FACTORS  FOR   HEAVIER-THAN- 
AIR  CRAFT,  6th  JANUARY,  1920 

Uraviri  than  an  (I. if  t  an  now  usiul  for  u  variety  of  purposes, 
iiuluiiin^;.  on  xUv  one  hand,  purely  commeriMal  work,  and*  on 
he  other,  stunt  Hying.  The  strength  necessarj'  for  safety  is 
lifTerent  in  the  two  classes  :  for  the  former  class  the  speoifioa- 
lion  need  not  be  so  exacting  as  for  the  latter  in  onier  to  ensora 
adequate  safety;  farther,  a  lower  factor  is  oommeroially 
desirable,  since  an  increase  of  load  factor  involves  a  decrease 
in  the  range  and  load-carrying  capacity.  Heavier-than-air 
t-raft  have,  tV  *  .',  been  divided  into  two  cUsses,  having 
legartl   to  tl.  rent  qualities  of  airworthiness  required. 
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This  separation  will  neoessitate  the  granting  of  two  distinct 
types  of  certificates  ;  it  has  been  suggested  that  these  should 
be  readily  distinguishable  by  the  use  of  different  colours  or 
other  means.  The  aircraft  in  the  "  General  "  Class,  including 
all  those  not  in  the  **  Commercial  "  Class,  should  be  sufficiently 
strong  to  allow  of  stunt  flying  of  all  descriptions.  The  other 
class,  "  Commercial,"  will  include  craft  used  for  strictly 
commercial  work,  involving  only  straight  flying  ;  stunting  of 
any  kind  will  be  prohibit-ed.  The  schedule  on  pp.  245  and 
246  is  given  in  tabular  form  under  these  two  heads. 

In  preparing  this  schedule  the  Load  Factor  Sub-Committee 
of  the  Advisory  Committee  for  Aeronautics  considered  only 
future  designs  ;  it  is  not  intended  that  the  schedule  should  be 
made  applicable  to  machines  already  approved  or  designs 
submitted  prior  to  some  future  date  to  be  fixed  by  the  Air 
Ministry.  Further  revision  of  the  present  schedule  from  time 
to  time  will  doubtless  be  necessary  in  order  that  it  may  remain 
in  accordance  with  the  demands  arising  from  improvements 
in  the  constructional  methods  and  design. 

Method  of  Specifying  Strength 

The  first  specification  (a)  determines  the  load  factor  when 
the  centre  of  pressure  is  in  its  most  forward  position  : 
gives  in  each  case  a  definite  load  for  every  part  of  the  machine, 
including  the  tail  plane  and  the  fuselage. 

The  second  specification  (6)  gives  the  load  factor  when  the 
centre  of  pressure  is  in  the  position  corresponding  to  maximum 
horizontal  speed  at  ground  level :  this  also  gives  a  definite 
loading. 

The  next  specification  (c)  gives  the  factor  of  safety  in  a 
terminal  nose  dive,  a  condition  which  is  again  quite  definite 
for  each  aircraft,  the  airscrews  being  assumed  to  be  removed. 

The  above  are  considered  sufficient  to  determine  the  strength 
of  the  wings  and  of  the  tail  |)lano  :  also  for  certain  loadings  of 
the  fuselage  when  in  flight 

For  the  strength  of  the  tin  and  rucider,  specification  {d) 
gives  the  value  of  an  assumed  lift  co-efficient,  which,  when 
the  maximum  speed  of  the  craft  is  known,  determines  uniquely 
the  strength  required  in  these  parts,  and  also  in  so  far  as  the 
lateral  loadings  are  concerned  in  the  fuselage  :  the  values 
assumed  for  the  lift  coefficient  are  considered  sufficient  to 
cover  adequately  the  maximum  forces  which  can  be  imposed 
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on  the  rudder  and  fin  by  the  pilot  when  exerting  hui  full  force 
to  a«  to  oBUin  a«  rapid  a  turn  an  poMible. 

Strength  of  underearriage«,  upccification  (t),  if  dealt  with 
under  the  conditions  of  both  static  and  djmamio  loads,  neither 
oaae  being  considered  soiBeient  Uy  ititelf  to  meet  all  requiremenU. 

For  the  umc  of  the  tablcfi  it  Mhoulil  be  noted  that  the  two 
terms,  factor  of  safety  and  load  faci4>r  <ii-**  defined  in  the 
accepted  engineering  sense,  t .e. — 

Failing  strength   of  a  member  of  the 

strooture 

Worst  possible  load  occurring  under  any 
condition  of  flight. 


Factor  of  safety 


Loadfootor 


Failing  strength    of  a  member  of  the 

Htnictii 


Load  in  member  undci   .    ... ntnl  Kt«*ady 
flight  conditions. 


COMMERCIAL  CLA88 


Toi 

EAL  WnOBT 

OF  AncmAFT. 

Up  to 
5,000  lbs. 

6.000- 

'  10.000- 

Above 

10.000  lbs. 

90.000lbs30.000lbs 

(a)  Load  factor  with  C.P.  in  ita 

most  forward  position 

6t 

6t-«n 

5t-<* 

4 

(6)  Load  factor  with  C.P.  in  the 

position    corresponding    to 

maximum  horiaontal  speed 

1 

al  ground  level             .      . 

4.5t 

4-5t-3-76*t 

3-75t-3 

S 

(c)  Faeior  of  •ajety  in  torminal 

nose  dive 

l-75t 

i-7at 

I75t 

l-7»t 

(d)  Spsoiflad   lift   ooeffieieni  for 

ans   and   rudders.    (Under 

1 

this  loading  the  factor  of 

safety  of  the  foseUge  should 

be  unity 

(«l)8tAtic  load  factor  on  under- 

0-5 

0-5 

0-5 

0>5 

carriages       

0 

«-«• 

5-f 

4 

(e2)  Specified     vertioal     velocity 

(fu/sse.)    for    determining 

travel  of  underoarriages    . 

10 

10 

i    " 

10 

•  The  <l«(tmM  la  IomI  farlar  (Tom  the  iMaer  vattM  b  iUtmUit 
In  lh0  wHtht  o(  the  cnJX, 
t  in  Um  OM*  of  alrmn  whMi  ai« 
sy  b«  rednoed  by  0*5w 

l7-(aM7) 


lOtiM 
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Schedule  of  Load  Factors  and  Factors  of  Safety 

GKNKHAL   (.'LASJ5 


Total  WKiaiiT  or  AncRArr. 


Up  to 
3,000  lbs 


8»000- 
10.000  lbs. 


Above 
10.000  lbs. 


(a)  Load  factor  with  C.P.  in  moet  forward 
po«ition 

(6)  Load  factor  with  C.P.  in  the  position 
corre8i>oiuling  to  maximum  horizon- 
tal spcHMl  at  ground  levol. 

(c)   Factor  of  safety  in  a  torminal  nose  dive . 

(</)  SpccifitHi  lift  coefficient  for  fins  and 
rudders.  (Under  this  loading  the  fac- 
tor of  safety  of  the  fuselage  should  be 
unity)  

(r  1 )  Stat  ic  load  factor  on  undercarriages   . 

(e2)  Specified  vertical  velocity  (ft. /sec.)  for 
determining  travel  of  undercarriages 


6 
1-75 


0-6 

8 

10 


8~6^ 


1-76 


0-6 
8-6* 


10 


4-6 
1-76 


0-6 
0 

10 


•  Til- 
weight 


load  from  the  larger  value  is  directly  proportional  to  the  Increase  In  the 


In  addition  to  the  above,  it  is  essential  (/)  that,  in  the  case 
of  any  one  flying  wire,  or  duplicate  pair  of  wires,  being  removed 
from  the  aircraft,  the  strength  of  the  remaining  portions  should 
be  such  that  at  least  one-half  of  the  scheduled  load  factors  and 
factors  of  safety  shall  be  obtained  under  each  of  the  foregoing 
conditions.  For  this  particular  case  incidence  or  other  normally 
redundant  bracing  is  naturally  a^umed  operative  where 
necessary. 

Methods  of  Calculation 

In  using  the  above  schedules  the  calculations  of  strength 
will  be  checked  by  the  methods  of  the  Handbook  of  Strength 
Calculations  (H.B.  806,  Second  Edition),  published  by  the 
Technical  Department,  Air  Ministry.  In  all  calculations  and 
in  specifications  of  Load  Factors  and  Factors  of  Safety,  design 
figures  should  be  employed,  and  not  those  obtained  from 
breaking  tests.  Further,  when  dealing  with  steel  tubes,  the 
specifications  of  the  Engineering  Standards  Committee,  based 
on  the  figures  for  )deld  points,  are  approved  for  stress  calcula- 
tion purposes  ;  for  streamline  wires  the  breaking  load  should 
be  taken  in  preference  to  the  yield  point,  which  is,  in  these 
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(*aM*H,  ill-(it*tiiii*<l.     Hi*<lutula)it  \«in*^.  t'X(*<*|it  tn^  nietititnicHl  in 
(/),  an*  t<)  Ik*  c-onMi<hTf<l  hm  m-gltiUHl. 

With  a  view  to  facilitating  the  uae  of  the  Mbedtile  the 
following  additional  matter  should  be  noted — 

(1)  That  for  {a)  and  (h)  the  iNMtitionM  of  the  centre  of  pruMiuro 
should  pri'ffrahly  Ih»  determiniMl  l»y  a  test  on  a  nuKiel  with  a 
ti  in.  chord  at  «o  ft./»ec.,  but  that  the  Air  Blhibtry  might  agree 
to  iiiHue  a  et*rtificate  baaed  on  renultii  for  a  monoplane  model 
of  3  in.  chord  tented  at  40  ft./Hec.  For  biplanes,  a  biplane  teii 
in  preferred  ;    Mimilarly  for  tripUnen. 

For  caMi*  (/>)  the  maximum  horizontal  speed  at  ground  h'vel 
nhould  )>e  obtained  from  the  formulae  given  in  section  (2)  lielow. 
Fn>m  thiK  HfH^ed  the  value  of  the  lift  co-elBoient  in  obtained, 
and  the  |>o8ition  of  the  centre  of  pressure  determined  from 
iiHHlel  test^i  an  dehniHl  above. 

(2)  That  for  (A)  and  (r/)  the  maximum  speed  at  ground  level 
should  Ik*  defined  by  the  following  fonnulae  giving  the  maxi- 
mum h|hhhI  for  given  loadingH  and  weight  of  aircraft ;  should 
the  manufacturiT  desire  to  H|)ecify  the  maximum  speed  in 
any  other  manner  he  in  at  lilnTty  to  make  a  special  application. 

For  Sinole  En(;ink   \ih<  UArr 

(ry'--i7a)'^  aicuvye; -0-316) 
For  Multi  Ekoinr  Aibobait. 

( r  J^  -  l-64)»  =   2-99  {N  J^  -  0-310) 


For  Boat  Skaplambs 

( 


^  Ji,  ->'»2«)«=  2-74  {N  J^  -  0-804) 


Where  N,  F,  a>  and  p  are  the  power  per  unit  weight,  the 
s|hhh1,  the  loading,  and  the  density  in  any  s^-stem  of  consistent 
units  :  e.g.,  S  in  ft.  lbs.  per  sec.  per  lb.  ;  V  in  ft./secs. ;  cu  in 
lbs.  si|.  ft.  ;   and  p  in  slugs/cubic  ft.  (at  ground  level). 

The  al)ove  formulae  may  also  be  expressed  in  the  form — 

For  Sinolk  Kngikb  Aibcraft. 


ivi-H*°'""|v^-    11-8  j 
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For  Multi  Engine  Aircraft. 

For  Boat  Sbaplanbs. 

Where   N  is   horse-power   per    1,000  lbs.,    i.e., 


1000  H.P. 
W 


W  being  the  weight,  and  H.P.  the  horse-power  of  the  aircraft  in 
question.  V  is  in  miles  per  hour  at  ground  level ;  and  oj  \<  wintr 
loading  in  lbs.  per  square  feet. 

(3)  That  for  (c),  the  case  of  the  limiting  nose  dive  calculations 
submitted  by  the  manufacturers  would  be  considered  by  the 
Air  Ministry  ;  otherwise,  the  following  table  with  the  necessary 
extensions  for  other  wing  sections  would  be  employed. 

TABLE  OF  TAIL  PLANE  LOADS  IN  LIMITING  NOSE  DIVE 


Type  of  Aircraft. 

Wing  Section 

Employed. 

R.A.F.   16. 

R.A.F.  6C. 

Single  Engine 

Multi  Engine 

Boat  Seaplane 

0.6    Ip 
0.55  7 
0.5- 

0.0 -f 

0-8  7 

Where  W  is  the  weight  of  the  aircraft,  c  is  the  chord  of  the 
main  planes  ;  and  I  is  the  distance  from  the  centre  of  gravity 
of  the  aircraft  to  the  centre  of  pressure  of  the  tail  plane. 

(4)  That  in  the  case  of  (d)  the  static  strength  of  the  under- 
carriage should  be  checked  for  the  four  following  cases — 

(i)  When  the  aircraft  lands  on  an  even  keel  and  with  the 
chord  of  the  main  planes  horizontal. 
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(ii)  When  the  aiieraft  Uanin  on  an  even  keel  and  no  that  the 
tail  rilcid  and  underoarriage  touch  the  ground  i«imultatH«oujily. 

(iii)  When  the  aircraft  Und«  mo  that  one  wing  tip  touchea 
the  ground  at  the  name  time  a«  the  main  undercarriage,  and 
with  the  chortl  of  the  main  planeH  horizontal. 

(iv)  When  the  aircraft  lantin  m)  that  one  wing  tip  touches 
the  ground  at  the  same  time  aa  the  main  underoarriage,  and 
M)  that  the  tail  Hkid  and  undercarriage  touch  the  ground 
MimuItaneouMly. 

in  (i)  and  (ii)  the  load  factor  Khould  bo  that  specified,  and 
in  (iii)  and  (iv)  the  Umd  lactor  Hhould  be  at  least  Ymli  that 
specified. 

As  reganht  length  of  travel  of  the  underoarriage,  ita  amount 
nhoulfl  be  MUch  that  the  total  work  of  compression  is  equal  to 

the  value  of  )  —  where  w  in  the  weight  of  the  machine  and 

V  is  the  specified  vertical  velocity  ;   ahto,  the  maximum  load 
should  not  exceed  the  Hpecifieti  static  load  on  the  undercarriage. 
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USEFUL  TABULATED    DATA 
TABLE   29 
High  Tbnsxlb  Stbxl  Wirb 


Qaugb. 

Sectional  area. 

Breaking  load  lbs. 

8     .     .      . 

002011 

3600 

0 

001628 

2920 

10 

001287 

2450 

11 

001057 

2130 

12 

0-00850 

1520 

13 

000666 

1340 

000503 

1070 

0-00407 

868 

0-00322 

720 

000246 

650 

000181 

405 

000126 

282 

20 

000102 

251 

21 

000080 

200 

These  breaking  loads  are  obtained  on  the  assumption  of 
stresses  varying  from  80  tons  per  square  inch  to  110  tons  per 
square  inch. 


TABLE    30 
Strength  of  Swaged  and  Streamline  Wires 


Size. 

y 

Ultimate  strength. 

4BA          .      .      . 

1050 

2BA 

1900 

i  in. 

3460 

V'a  .. 

4660 

^      M 

6700 

ii  .. 

7160 

1    M 

8500 

ii      M 

10260 

I'll      .. 

11800 

H  . 

13800 

i  .. 

16600 

A  » 

20200 

1    .,         ...                24700 

The  ends  are  threaded  with  the  size  in  which  the  wire  is 
knov^-n,  thus  4BA  is  threaded  with  No.  4  British  Association 
thread,  and  J  is  threaded  with  size  J  in.  B.S.F.  thread. 
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«TI?|.'N(>TII  OF  BOLTS 
TAHLK  S2 

litUTIBH   AflBOCIATION   AND   BhITUH  EvaMDAMD   FtMM  TnRKAM 


Dtemti«r  (lat.>. 


4BA 

•14SII 

•SUA 

•IMIl 


V: 
it: 


11  = 

11  M 

U*: 

•:- 

i": 


Cora. 


•11 

•147 
IQMS 

-alio 

MM 

•4«» 


•7068 
•7Ut 


•8710 


lion 

1-SI40 


MOO 
l-4«4fl 
l-a07 

1^8r7 


Am  (lM.j^. 


•OIM 


•0787 
•1106 
•IfiOS 


•1064 
•S486 


•8711 


•4418 
•&18& 
•0018 


•7864 


1-«7S 

I- 

1- 


17871 
1-0176 
8-0780 


8-4068 

86808 
87018 
8-0488 

81410 


AUimlilr  Alkm'Ut  Mkim-hU 
JfifarbufMl-   1  far  bro«l-    It  M.dba.      klmir 


Can  fun     Ing  (ua  full    Id*.)  fur 
mtfmh        aiMMtar      aUwrn  id 


•Olfl^ 

■03; 

■Oi< 

•0i6i» 
•1064 


-1886 
-1888 


•8790 


•8880 
•8018 


•5071 
•7686 


llfiM 
14100 
1- 


10^ 


ttMBk«  Ma/lM.*  IhiulM.* 


-1800  X  I0-*     Itfln  X  10-* 


X  10<  1287  X  10» 

X  10-«  -1760  X  I0-* 

X  lO-«  -8807  X  10-* 

X  10  I  -8186  X  10-* 


•16&S  X  10  *    -4148  X  10** 

•8140  X  10  *    -6270  x  10* 

•88n  X  10  •    -«6n  X  10» 

X  10-t  ;  -0110  X  10  • 


•4000  X  10  >    -0017  X  10* 

•7888  X  10  *      1800 
•1108  1017 

•1766  is:.2 

•8100  ^at^ 


•8818 
•8770 
-4218 
•4710 
•&201 
•&M0 
•«471 
•7180 
•7864 


•oai 

•8800 
•4804 
•6810 
•0087 
•0800 
•7864 


7860 


11100 
14000 


17700 
4810 
6200       24000 

^000 


811 


7800 
11180 
16860  I 


81400   47800 


moo 


60400 


80100 


42100  I 
40000  I 
61750 


252 
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TABLE   33 
Impbual  Standard  Wirb  Qauob 


Diameter. 

Sixe  on 
Gauge. 

Inches. 

MiUimetres. 

7/0   .      .      . 

500 

12-2 

6/0 

•464 

11-8 

6/0 

•432 

no 

4/0 

•400 

10-2 

3/0 

•372 

9-4 

2/0 

•348 

S-S 

1/0 

324 

S'2 

1 

•300 

7-6 

2 

276 

70 

3 

•252 

6-4 

4 

•232 

69 

5 

•212 

6-4 

6 

•192 

4-9 

7 

•176 

4-6 

8 

•160 

4-1 

9 

•144 

37 

10 

•128 

3-8 

11 

•116 

30 

12 

•104 

2-6 

13 

•092 

23 

14 

•080 

20 

15 

•072 

1-8 

16 

•064 

16 

17 

•056 

1-4 

18 

•048 

1-2 

19 

•040 

10 

20 

•0.36 

0-9 

21 

•032 

08 

22 

•028 

0-7 

23 

•024 

06 

24 

•022                              0-55 

25 

•020 

O-.'K) 

26 

•018 

045 

27 

•0164 

0-40 
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SCHEDULE  OF  STANDARD  SIZES  OF  2)  :  1  OVAL 
TUBES  FOR  AIRCRAFT 

AW  Board  T.ll. 
Ho(01 

1.  TiiK  AnKA8,  Radh  op  Gyration,  and  Moduu  are  calcu- 
lated for  tii)M>M  f)f  the  minimum  thickne«8  (i.«.»  0050 in.  for  17 
gauge  ttii>  :«'>in.  for  20  gauge  tubes,  and  0*026  in.  for 
22  gauge  i         , 

2.  The  VVbiohts  per  Foot  are  calculated  for  tubcn  of  the 
maximum  thicknesH  (i.e.,  0060 in.  for  17  gauge  tuben,  0040  in. 
for  20  gauge  tutxw,  and  0020  in.  for  22  gauge  tubed). 

.Mlowanee  hoa  been  made  in  each  case  for  the  tolerances. 

3.  The  Limiting  Bending  Loads  are  the  loadji  which  at 
an  overhang  of  10  inH.  will  produce  a  maximum  fibre  stress  of 
28  tons  |M  n«  inch,  which  in  the  minimum  yiehl  ntresB 
alluwiHl  in  ^,  atiun  T.6.  The  limiting  load^  an*  calculated 
for  tubes  of  the  minimum  section. 

4.  Specification. — Oval  tubes  should  be  ordered  to  Speci- 
fication T.l  or  T.6.  They  are  straightened  and  normalized. 
They  should  not  be  ordered  in  lengths  exceeding  10  ft. 

Long  tubi\s  for  trailing  edges  and  similar  purposes  can  be 
made  straighter  if  built  up  of  shorter  pieces,  and  should  be 
ordered  in  lengths  exceeding  10  ft. 

5.  Sockets. — Properly  formed  socket  tubes  for  all  standard 
ovals  can  be  obtained  from  the  tube  makers.  These  socket 
tubes  are  ^  in.  larger  in  each  outside  diameter  than  the  tubes 
they  are  to  go  over ;  they  will  therefore  be  an  easy  fit  when 
made  20  gauge  thick  and  a  close  fit  when  made  18  gauge  thick. 
Unless  specially  ordered  in  stated  lengths  the  socket  tabes 
may  be  supplied  in  lengths  of  about  6  ins. 

Satisfactory'  sockets  can  be  made  by  pressing  round  tubes 
into  the  proper  shape.  The  inside  diameter  of  the  round  tube 
should  be  three-quarters  of  the  larger  diameter  B  of  the  oval 
it  has  to  fit. 

6.  Struts. — The  curve  (Fig.  124)  gives  the  limiting  stress, 
and  hence  the  limiting  load,  for  an  oval  strut  of  any  size  and 
length,  allowing  for  erooketiness  and  eccentricity  of  bore 
|>ermitte<l  in  the  A.B.  Tube  S})ecifications  (see  Recent  Researtkea 
on  Tuhulnr  Steel  Struts). 
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TABLB  84 

OVAL  8TBBL  TUBBS  FOR  AIRCRAFT 

ScsBDCLn  or  Stahdaio  Sum  amo  Peopketim  or  bM-ruiNit 


B. 
ofB. 


±  1  per 
OeotT 
oTD. 


Mlnlmuni 
Anmof 
SecUoD. 

8m 
Vote  1. 


8q.  Im. 


Weight  p«r 
Ft.  Ron  of 
Tube  of 
lUxlniuin 


8m 
Notes. 


Lbt. 


B«dU  of 

GyrRtion. 

8m  Note  1. 


About 
Axk 


About 

Axle 

YY. 


Moduli  of 

Section. 

.8m  Note  1. 


About 

Axle 

XX. 

Ine.* 


About^ 
Axil 
YY. 

Int.* 


Ltmltlns  Bonding 

1xm«1h  at   Id  liM. 

Overimnu.     Utt 

Sote  8. 


Wx. 


Lbe. 


17  Gange.    ThickDflee.  -056111.-060111. 

, 

•4 

•120 

•486 

•296 

•132 

•0214 

•0105 

182 

66 

ll 

•5 

•161 

•666 

•377 

•170 

•0344 

•0176 

216 

110 

l{ 

•6 

•184 

•673 

•465 

•208 

•051 » 

•0268 

321 

168 

11 

•7 

•217 

•791 

•634 

•246 

•0711 

•o;<79 

446 

288 

2 

•8 

249 

•910 

•013 

•284 

•(MM.J 

•(•-.00  1 

592 

319 

li 

•0 

•282 

1028 

•692 

•322 

•12(14 

(Xl.'iU 

756 

412 

1-0 

•314 

1147 

•771 

•361 

•1«)3 

•0827 

943 

518 

20  Gauge.    Thicknew,  •OSO  in.-040  In. 

•4 

•079 

•299 

•304 

■139 

•0147 

•0077 

92 

48 

11 

•5 

•100 

•378 

•383 

•177 

•0236 

•01-27 

148 

80 

l{ 

•6 

•121 

•457 

•462 

•216 

•0345 

•0189 

217 

118 

If 

•7 

•142 

•536 

•541 

•264 

•0476 

•0264 

299 

165 

•8 

•163 

•616 

•610 

292 

•0628 

•0350 

894 

220 

it 

•• 

•184 

•695 

•698 

330 

•0800 

•0449 

502 

282 

1*0 

•205 

•774 

•777 

•368 

•0994 

•0562 

628 

852 

Approximately  22  Gauge. 

Thlckncw,  -025  ln.-029  In. 

I 

•25 

•0341 

•134 

•189 

•086 

•0039 

•0020 

24 

18 

•8 

•0413 

•163 

•228 

•105 

•0058 

•0031 

86 

19 

•4 

•0659 

•220 

•307 

•143 

•0106 

•0068 

67 

86 

•5 

•0704 

•278 

•386 

•181 

•0169 

•0094 

106 

50 

•6 

•0849 

•335 

•466 

•220 

•0246 

•0138 

154 

86 

•7  . 

•0096 

•392 

•644 

•268 

•0338 

•0191 

212 

119 

•8 

•1140 

•450 

•623 

•296 

•0444 

•0260 

278 

156 

2\  :  1  Oval. 
Where  b  =  B-t  &nd  d 


D 


B    =  2  5  Z>  or  i>  =   4  B. 
R^=     .3  2>  or  •12J5. 
i?j  =  1-15  (approx.) 
Area  of  cross  section 

=  1.66(6  +  d)«. 
Radius  of  gyration  about 

XX  =  0^3176. 
Radius  of  gyration  about 

YY  =  03S6d. 
-  i  and  t  =  thickness. 
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LiMITINO  StEBM  for  OvaL  TlBULAR  StBBI,  StRIIV 
With  Round  or  Pinjoinlid  Ends 


\  i.i.i  r..,ht  of  st«vi 

\  ..un^j  ^  .M<m1u1um.  A' 


28  tons  per  aq.  in. 
IS600    „ 


L    —  Length  of  strut  in  inches. 

K         KadiuH  of  gyration  of  orow  section  of  oval  about 
axiH  Y  Y.    {See  Table  34.) 

Limiting  Load      Limiting  Strees  x  Area  of  Croti  Seotion. 

aopoor 


20       40 


60        80        IDO        . 
Mues  ofTk 
Fio.   124 


ISO 


aoo 
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SCHEDULE  OF  STANDARD  SIZES  OF  STEEL  TUBES  FOR 
AIRCRAFT,  OTHER  THAN  AXLE  TUBES 

(Air  Board,  T  10.) 
Notes 

1.  The  Areas,  Moments  of  Inertia,  and  Moduli  (Bending) 
are  calculated  for  tubes  of  the  minimum  thickness  (i.e.,  0050  in. 
for  17  gauge  tubes,  0036  in.  for  20  gauge  tubes,  and  0026 in. 
for  22  gauge  tubes).     See  Table  35. 

2.  The  Weights  per  Foot  are  calculated  for  tubes  of  the 
maximum  thickness  (i.e.,  0060  in.  for  17  gauge  tubes,  0  040  in. 
for  20  gauge  tubes,  and  0029  in.  for  22  gauge  tubes).  The 
weight  is  taken  to  be  490  lbs.  per  cubic  foot. 

3.  Telescopic  Tubes. — The  17  gauge  tubes  (omitting  the 
/»  and  iV  sizes)  form  a  telescopic  series,  each  fitting  over  the 
next  size,  J  in.  smaller  in  diameter. 

The  22  gauge  tubes  (with  the  socket  sizes)  also  form  a 
telescopic  series,  each  fitting  over  the  next  size  iV  in.  smaller 
in  diameter. 

4.  Tubes  for  Struts. — Strut  tubes  are  carefully  straight- 
ened and  then  blued,  but  to  avoid  bending  during  handling 
they  must  not  be  ordered  in  lengths  exceeding  10  to  12  ft. 

5.  Tubes  for  General  Purposes. — These  are  treated  in 
the  same  way  as  strut  tubes.  Long  tubes  for  boundary  edges 
and  similar  purposes  can  be  made  much  straighter  if  built  up 
of  shorter  pieces,  and  should  be  ordered  in  lengths  not 
exceeding  10  ft. 

6.  Tubes  for  Sockets. — The  17  gauge  and  22  gauge  tubes 
may  be  used  for  sockets  (see  Clause  3),  and  also  tubes  of  the 
special  standard  thicknesses  given  below.  Additional  sizes 
are  provided  in  the  table  headed  *'  Tubes  for  Sockets."  Tubes 
for  use  as  sockets  are  more  readily  obtainable  than  strut 
tubes,  because  strut  tubes  have  to  be  carefully  straightened 
and  more  accurately  heat  treated  ;  orders  should  therefore 
always  state  when  tubes  are  intended  only  for  sockets.  Such 
tubes  must  not  be  used  for  carrying  loads. 

Tubes  for  use  as  sockets  should  not  be  ordered  in  lengths 
exceeding  4  ft.  ;  if  the  lengths  they  are  going  to  be  cut  into 
are  specified,  the  tubes  will  be  supplied  in  multiples  of  these 
lengths  ;  if  not,  they  will  be  supplied  in  random  lengths  of 
4  ft.  and  under. 
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7.  Spioial  Standard  TiiicKNeHMKM.^ 

No.  I.    Special  0090  ^     .^^  «nmller  in  O.D. 

oioa"®         — fiU   over   a    tube    Jin. 
'^'-f   009  amaller  in  O.D. 

"*^+     Oil        smaller  in  O.D. 

8.  ToLKRAKCEH  A.ND  FiTS.— The  tolerances  specified  give 
an  averase  clearniM''"  lM»f%%i«*»n  tiiiw  Mtwf  ku>f«|r«*t  r>f  ^iw»fi( 
0008  in. 

9.  ORDKitS. — ()i  iril  tul>c\s  imi.«>l  .state  il  they 
are  for  9iruis  or  ^. 

If  they  are  for  /ft  rut  a  the  order  muHt  gire  for  each  tube — 

(a)  Numlx»r  of  tubi»«  and  length  of  each,  or  total  length 
and  lengthH  in  which  it  in  to  be  used. 

(6)  Outside  diameters  and  thicknesses  or  gauges. 

(e)  Specification  number,  which  defines  the  quality  of  the  steel. 

If  the  tubes  are  for  aoekeis  the  order  must  give — 

{(i)  Total  length  required,  and  when  practicable,  the  lengths 
the  tubes  are  going  to  be  cut  into,  so  that  exact  multiples  may 
be  supplied. 

(e)  Outside  diameters  and  sizes  they  are  to  take. 

(/)  Specification  number. 

Example. — 

Supply  1000  strut  tubes  Aft.  (i  ins.  long,  1  in.  dianifter, 
17  gauge,  or  Supply  6500  ft.  of  1  in.  diameter,  17  gauge  tuU* 
for  cutting  into  6  ft.  6  in.  lengths.     Specification,  T.6. 

Also  supply  100  ft.  of  socket  tubing  1|  in.  O.D.  to  take  1  in., 
for  cutting  into  0  in.  pieces.     Specification,  T.26. 

10.  Strength  of  Struts.— Pigs.  125,  126  and  127  give  the 
limiting  loads  for  struts  of  any  length  made  of  any  of  the 
standutl  sizes  of  steel  tubes. 

Allowance  is  made  for  the  maximum  crookedness  and 
eccentricity  of  bore  which  is  }N>rmitted  in  the  Air  Board 
Specifications. 

The  Limiting  Load  given  by  the  curves  is  the  load  which 
makes  the  maximum  stress  in  the  tube  equal  to  the  yield 
point  {i.e.,  to  28  tons  per  square  inch). 

The  Coliajmng  Load  of  a  strut  is  either  the  same  as,  or  a 
Uttle  higher  than,  the  limiting  load  (see  Beceni  Eesearckes  on 
Tubular  Steel  Struts,  from  uliiili  tho  curves  are  taken). 


TABLB  S5 

SCHEDULE  OF  STANDARD   8IZKS   OP   8TBBL  TUBES   FOB 
AIRCRAFT 


17  Gauge. 

Thicknei 

M  0056  Inch ( 

Tolerance  ^J.Oo^j„) 

NonbMl 

Nominal 

^ 

Slae. 

8lM. 

Outaide 

Min- 

Max- 

Moment 

Modnhu* 

OiltMitIc 

Min- 

Max- 

Momont 

Modu- 

Diam- 

imum 

imum 

or 

of 

Dlam- 

imum 

imum 

of 

lUMOf 

eter  (To* 

Area  of 

Weight 

Inertia 

Section 

rtor  (To- 

Area  of 

Weight 

Inertia 

Section 

16IMIO0 

Seetioii. 

iCt 

I. 

Z. 

IiTani-e 
in.). 

SecUon. 

l6?t. 

I. 

Z. 

Im. 

Ins.* 

Lb*. 

Im* 

Int.' 

ln«. 

In«.« 

Lb*. 

Ins.« 

Ins.* 

1 

•084 

•122 

•000174 

•00180 

11 

•188 

•688 

•0260 

•0470 

1 

•045 

•162 

•000884 

•00246 

1 

; 

•210 

•768 

•0875 

•0600 

•OM 

•202 

•000786 

•00398 

1 

•232 

•848 

•0506 

•0780 

/, 

•067 

•242 

•00125 

•00568 

1 

•254 

•928 

•0668 

•0884 

I 

•078 

■282 

•00196 

•00788 

1 

•276 

100 

•0851 

•105 

1 

•100 

•862 

•00409 

•0131 

1 

' 

•298 

108 

•107 

•122 

1 

•122 

•442 

•00740 

•0197 

1 

•820 

116 

•132 

•141 

2 

•144 

•622 

•0121 

•0278 

2 

•342 

124 

•162 

•162 

•106 

•602 

•0186 

•0872 

2» 

•364 

132 

•195 

•183 

20  Qange.    (Approx.  1  m/m.).    Thickness  •086  In.  (Tolerance  ^  q.qq4  iq  ) 


> 

•0242 

•0807 

•000142 

•00114 

•128 

•464 

•0188 

•0826 

fi 

•0812 

•116 

•00080fl 

•00195 

•187 

•517 

•0253 

•0405 

1 

•0383 

•148 

•000557 

•00297 

•151 

•670 

•0340 

•0494 

im 

•0454 

•170 

•000923 

•00422 

•166 

•624 

•0444 

•0592 

•0525 

•197 

•00142 

•00568 

•180 

•677 

•0567 

•0608 

•0666 

•260 

•00290 

•00928 

•194 

•781 

•0712 

•0814 

•0808 

•808 

•00516 

•0138 

•208 

•784 

•0880 

•0988 

•0949 

•857 

•00836 

•0191 

2 

•222 

•887 

•107 

•107 

•109 

•410 

•0127 

•0264 

2* 

•286 

•891 

•129 

•121 

Approximately  22  Gauge. 

Thlcltness   025  In.  ( Tolerance  ~  ^.^q^  j„  ) 

\ 

•0177 

•0685 

•000118 

•00090! 

•0864 

•889 

•0131 

•0288 

'» 

•0226 

•0878 

•000284 

•00150 

•0962 

•878 

•0181 

•0289 

•0275 

•107 

•000428 

•00226 

•106 

•417 

•0242 

•0351 

^ 

•0824 

•127 

•000698 

•00817 

•116 

•456 

•031.5 

•0420 

•0878 

•146 

•00106 

•00422 

•126 

•494 

•0403 

•0496 

•0471 

•185 

•00212 

•00680 

•135 

•.'>33 

•0.'->04 

•0576 

•0569 

•228 

•00875 

•00999 

•145 

•572 

•0622 

•0663 

•0668 

-262 

•00605 

•0188 

2 

•155 

•610 

•0759 

•0756 

•0766 

•801 

•00911 

•0182 

2i 

•165 

•649 

•0909 

•0855 

EXTRA  TUBK8  FOR  SOCKBT8  ONLT 


Approximately  22  Gauge.    Thickness  0*025  In.  (Tolerance^  0^004 In.  ) 


Outside 

Mln. 

Max. 

Outnide 

Mln. 

Max. 

DIam. 

ToUke 

Area. 

5?ft' 

Diam. 

To  take 

Area. 

Weiaht 
per  Ft. 

Ins. 

Ins. 

Ins.* 

Lbs. 

Ins. 

Ins. 

Ins.« 

Lbs. 

A 

0042 

0166 

•ItI 

0111 

0487 

1 

0052 

0-204 

0120 

0460 

1 

0062 

0-244 

0180 

05I5 

1 

0071 

0282 

1  9 

0140 

0554 

% 

1 

0H)81 

0821 

1 8 

0150 

0592 

6 

!l 

0091 

0860 

2i{ 

0160 

0-631 

iX 

0^102 

0^405 

\l>PKVnTT 
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LiMrriMi  1a>ai>.s  luu   i  >mki.  Sriu  ih 

Tubes  17  (iitmjt    t  nici' 

For  tubt^  of  Htandanl  ciinicnMioiiM  the  ourv««i  are  dn^im 
for  tube**  of  the  minimum  thickm*HM  allowed  for  ihui  gmifD, 
vix.,  -050  in. 

Yomig'M  McHiuliiH        .  I36(M»  ton*^  |"  r  -«|.  in. 

Yield  Point        ...     28 
Air  Board  S|H*ciHc«tion  T.Q. 


Equivalent  eccentricity  of  loading 
EndM,  round  or  pin-jointed. 


Ijit.  Diam.       Length 
40         "^600 


Fio.  125 


200 
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Limiting  Loads  for  Tubular  Steel  Struts 

20  Gauge  Thick 

For  tubes  of  standard  dimensions  (Air  Board  Schedule  7^.10) 
the  curves  are  drawn  for  tubes  of  the  minimum  thickness 
allowed  for  this  gauge,  viz.,  -036  in. 

Young's  Modulus 

Yield  Point 

Air  Board  Specification 


13600  tons  per  sq.  in, 
28  „  „ 

7\6. 


Equivalent  eccentricity  of  loading  = 
Ends  round  or  pin-jointed. 


Int.  Diam.       Length 
40         ^     600"" 


Fia.  126 
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Limiting  Loads  for  Tcbuuui  Stssl  Btrith 

Tultes  appfoximaldy  22  Qauge  Tkiek, 

For  IuInw  of  Htaiuliird  ilimonMionH  tho  ounroA  aro  dniwn 
for  tulieM  of  the  minimum  thiclcncNH  allowMl  for  thk  gMige, 
vix..   02510. 


Young*8  Modulus 

Yield  Point 

Air  Board  Speoifioation 


13600  tons  per  sq.  in. 

28 
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Equivalent  eccentricity  of  loading  =        '  *  -f     f^^ 

Ends  round  or  pin-joint«d. 
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SUPPLEMENTARY  SCHEDULE  OF  LARGER  STANDARD 
SIZES  OF  ROUND  STEEL  TUBES  FOR  AIRCRAFT 

{Air  Board,  T.IO.  Supplement) 
Notes 

Orders. — Tubes  of  these  larger  sizes  should  not  be  ordered 
for,  or  held  in  stock. 

Ordei*s  must  be  placed  some  time  in  advance,  as  special 
arrangements  have  to  be  made  to  manufacture  the  larger  sizes. 

Sockets. — All  the  tubes  except  those  of  20  gauge  may  bo 
used  as  sockets  for  other  standard  tubes. 

Struts. — The  lower  curve  (Fig.  128)  gives  the  limiting  stress, 
and  hence  the  limiting  load,  for  a  tubular  strut  of  any  size  and 
length,  allowing  for  the  crookedness  and  eccentricity  of  bore 
allowed  in  the  Air  Board  Tube  Specifications. 

Specially  Straight  Tubes. — The  tubes  in  this  schedule  can 
be  supplied,  when  so  ordered,  with  a  deviation  from  straightness 
not  exceeding  ojie-half  the  amount  allowed  in  the  Tube 
Specifications  (which  is  the  same  as  that  given  in  Recent 
Researches  on  Tubular  Struts).  The  upper  curve  on  Fig.  128 
gives  the  limiting  stress,  and  hence  the  limiting  load,  for 
struts  of  any  size  and  length  allowing  for  this  reduced  crooked- 
ness and  the  eccentricity  of  bore  allowed  in  the  Air  Board 
Specifications. 
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LiMiTiNo  Stress  fob  Tubular  Stbel  Struts  with 
Round  ob  Pin-jointkd  Ends 


28  tons  per  square  inch 
13600 


Yield  fH^int  of  steel 
Young's  Modulus,  E 

(A,D.  Specification  T.l.) 

/  Length  of  strut  in  inches. 

A  I^idius  of  gyration  of  cross  section  (see  Table  36). 

Limiting     load  —  limiting     stress  X  area     of     cross     section 

(Table  36). 
Curve    A    for    tubes    of    ordinary    crookedness    (to    A.D. 

Specifications). 
Curve  B  for  fii>ecially  straight  tubes. 
Curve  E  is  Euler's  curve. 
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Fuielage — {continurd) 
Members,  design  of,  142 
Moment  of  inertia  of,  128 
Toraion  of,  133 
Types  of,  2,  225 

Grar  landing,  169 
Girder  type  of  fuselage,  2 
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Load  curve,   15 
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Moment  of  inertia,  40,  65,  67 
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of  rudder,  angular,   199 

Normal  load,  13 

Offskt  l)ending  moment,  23,  58 
Outer  interplane  struts,    100 
Oval  tubes,  253 
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PiAifO  wire,  strength  of,  250 
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Sockets,  229 
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83,  86 
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Lateral  failure  of,   106 
McGruer.  233 
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Section  of,  38,  65 
Stresses  in,  48,  73,  78.  86,  238 
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rear  (wings),  53,  59,  65,  67,  73 

Torsion  of,  178 

Springs,    175 

Stagger  loads,  122,  131 

on  planes,  3 

Stringer.  222 

Streamline  wires,  strength  of,  249 

Struts- 
Attachment  of,  209 
Design  of,  99 
Hollow.   105 
Landing  gear,   171 
Streamline  (solid),  99 

Sweating,  234 
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Load  on,   126,  248 
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force  diagram,  155,  159 
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MscDonBld 9    0 

How  TO  Manage  the  Dynamo.    S.  R.  Bottone  .16 

Hydraulic  Motors  and  Turbinbs.    G.  R.  Bo4in«r  15    0 

Induction  Coils.    G.  E.  Bonney  .60 

iNBncTiON  of  Railway  Material.     G  R.  Bodmer  5    6 


s.  d. 
Insulation  ok  Ki.kctric  Machines.     H.  W.  Turner  aod 

H.  M.  Hobart 15    0 

Land  Surveying  and  Levelling.    A.  T.  Walmislcy  7    6 

Leather  Work.     C.  G.  Iceland 5     0 

Lektric  Lighting  Connections.     W.  Perrcn  Maycock     .  9 

Lens  Work  for  Amateurs.     H.  Orford  .36 

Lightning  Conductors  and  Lightning  Guards.    Sir  O. 

Lodge 15    0 

Logarithms  for  Beginners  ......       1     6 

Magneto  and  Electric  Ignition.     W.  Hibbert  .30 

MANAGF.MENT  OF  ACCUMULATORS.    Sir  D.  SalomoDs  .  .76 

Manual  Instructio.n — Woodwork.     Barter,  S.  .76 

Drawing  ,,  4     0 

Manufacture  of  Explosives.     2  Vols.     O.  Guttmann  50     0 

Mechanical  Tables,  showing  the  Diameters  and  Cir- 
cumferences OF  Iron  Bars.  etc.     J.  Fodcn    .  .20 
Mechanical  Engineers'  Pocket  Book.      Whittaker's    .       5     0 

Mechanics'  and  Draughtsmen's  Pocket  Book.     W.  E. 

Dommett 2     6 

Metal  Turning.     J.  Horner 4     0 

Metal  Work — KEPOUssfe.     C.  G.  Leland  .50 

Metric  and  British  Systems  of  Weights  and  Measures. 

F.  M.  Perkin 2    6 

Mineralogy,     the    Characters    of    Minerals,     their 

Classification  and  Description,     F.  H.  Hatch  fi     0 

Mining  Mathematics  (Preliminary).     G.  W.  Stringfellow      1     6 

Modern   Illiminants  and   Illuminating  Engineering. 

Dow  and  Gaster.     {New  Edition  preparing.) 
Modern   Practice  of  Coal  Mining.     Kerr  and  Burns. 

Parts each       5     0 

Modern  Optical  Instruments.     H,  Orford    .  .30 

Modern  Milling.     E.  Pull 9     0 

Moving  Loads  on  Railway  under  Bridges.     H.  Bamford  5     6 
Optics    of    Photography    and    Photographic    Lenses. 

J.  T.  Taylor 4     0 

Pipes  and  Tubes:  their  Construction   and   Jointing. 

P.  R.  Bjorling 4     0 

Plant  World:  its  Past.  Present  and  Future,  The.    G. 

Massee 3     0 

Polyphase  Currents.     A.  Still 7    6 

Power  Wiring  Diagrams.     A.  T.  Dover  .76 

Practical  Exercises  in  Heat.  Light  and  Sound.    J.  R. 

Ashworth  .26 


f.  4. 

PiACTicAL  Elcctiic  Liont  Fittimg.     F.  C  AUwip  6    0 

PlUCTICAL    KXKMCUUI    W    MAOXBTItM    AND    EutCttaCtTY. 

J.  R.  AUiwtjfth 2    § 

Pbactical  Shbkt  and  Plath  Mktal  Wobk.    E.  A.  Atltta*  7    • 

Practical  UoxrouMDiMG.     J.  Horner  0    0 

Practical  Eoucatioh.    C  G.  Lckod  S    0 

Practical  Testing  or  Elsctrical  IIacmi.hm.    L.  Uuitua 

and  N.  J.  WiUoo                6    0 

Practical  TiLRrHONR   Hamdbook  and  GutoB  to  tmr 

Tblbpiionic  Excnanob.     J.  Pode    .                           .  12    • 

Pbactical  Advicb  fob  Mabixb  Enoinbbrb.    C  W.  RobcrU  5    0 
Practical  Dbsiun  or  RBiNroBCBD  Coxcbbtb  Bbams  and 

Columns.     W.  N.  TwviwtrMB .  7    6 

pBiNcirLBs  or  PiTTfNc.      J.  Homer  6    0 

pBiNcirLBs  or  Pattbbn>Makinc  4    <• 

QUANTITIBS   AND  QUANTITY    TAKING.      W.  E.  DiVis  4       <> 

Radio-Tblbgbaphot'b  GuiDi  AND  Log  Book.     W.   H. 

MarchBiit S    6 

KaDIUM    AND   ALL    ABOUT    IT.      S.  R.  BoCtOOC      .  I      6 

Railway  Tbchnical  Vocabulaby.     L.  SerrRiUicr    .         .76 

Rbsbabchbs  in  Plant  Physiology.     W.  R.  G.  AU(in»  9    0 

RosBs  AND  Rosb  Gbowinc.     Kingslcy.  R.  G.  7    6 

RoBBS.  Nbw 9 

Russian  Wbights  and  Mbasubks,  Tables  or.     Redver» 

Elder 3    6 

Sanitaby  Fittings  and  Plumbi.vg.    G.  L.  Sutcltfle  .         .60 
SiMrLineo  Methods  or  Calculating  Reinfobcbd  Otm- 

cbbtb  Bbams.     W.  N.  TwBhfctrvBs  9 

Sliob  Rulb.     A.  L.  Higgins  6 

Slidb  Rulb.     C.  N.  PicJcworth 3    0 

Small  Book  on  Elbctic  Motors.  A.  C.  C  am d  A.  C  W. 

Psrren  Msycock 5    0 

Sbanish  Idioms  with  thbib  English  Equivalbnts.     R 

D.  Monteverde  .30 

SrsciricATioNs  roB  Building  Wobks  and  How  to  Wbitb 

Thbm.     F.  R.  Farrow 4     0 

Stbbl  Wobks  Analysis.     J.  O.  Arnold  and  F.  Ibbolsoa  .  12    6 
Stobaob  Battbby  Pbacticb.    R.  Rankin,  (/n  prtpmfmiiom,) 

Stbuctubal  I  BON  AND  Stbbl.     W.  N.  Twel%'ctrees.  7    6 

SUBMABINBS.    TOBPBDOBS   AND  MWIS.      W.  E.  DoOflMtt    .  6     6 
SUBVBYI.NG     AND     SUBVBYING     InSTRVMBNTS.        G.     A.     T. 

Middlcton 6    0 

Tables  roB  MBASum^^r.  a^m  M asurimo  Lamd.    J.  C«ll]r«r  9    0 


s.  d. 
Teacher's  Handbook  op  ManualTraining:  Metal  Work* 

J.  S.  Miller 4     0 

Ielegrapiiy:  an  Exposition  of  the  Telegraph  System 

OF  THE  British  Post  Office.     T.  E.  Herbert  10    6 

Text    Book    of    Botany.      Part    I— The    Anatomy    of 

Flowering  Plants.     M.  Yates  .20 

Transformers  for  Single  and  Multiphase  Currents. 

G.  Kapp 12    6 

Treatise  on  Manures.     A.  B.  Griffiths  .76 

Trigonometry.  Practical.     H.  Adams  .  .30 

Ventilation    of    Electrical   Machineky.  W.    H.    F. 

Murdoch  .36 

Ventilation,  Pumping,  and  Haulage,  The  Mathematics 

of.     F.  Birks 3    6 

Wireless  Telegraphy   and   Hertzian   Waves.     S.    R. 

Bottone  .30 

Wireless    Telegilaphy:    a    Practical    Handwork    for 

Operators  and  Students,  W.  H.  Marchant  .  .60 
Wireless  Telegraphy  and  Telephony.  W.  j.  White  .  4  0 
WooDCARViNG.     C.  G.  Lciand 5     0 


Catelog—  of  Scimntifie  and  Teehnieal  Booka  poat  frme. 


London:  Sir  IsaacPitiian  &  Sons,  Ltd..  1  Amen  Corner,E.C.4 
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